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PREFACE. 


Although dfstiDguiHli^ Orientalifits h&Y3 written on ** Indian Astro¬ 

nomy thom ifi no gsner&t account of this subject now nTsiLaible tn the Eng - 
lifih language^ The present attempt to supply a snmmaiy account of the astro^ 
nomical material recorded in early and m^iacYal Hindu works is therefore to 
some extent jnatihed. In the matter of choice and treatment of topic the 
author of such a summary is always open to criticism. Many items of intereat 
have to be omitted or touched upon very lightly, and the author's predilec¬ 
tions may lead to undue emphasis« on certain matters. In the pr^ent work 
guch Bubjecta as the Hindu calendar and Hindu chronology are not formally 
dealt withj since they are tfcatod with some daboration in Yarioua excellent 
books that are readily available; while the seml-religious and astrological aspect^ 
of astronomy have been dealt with more fully. 

Although this summary account goes over old ground it is all baaed upon 
onginai texts. What has been accomplished is largely due to the encourage¬ 
ment of Sir John Marshall, Lift* D*, CJJE,, etc** the Director-General of Arch- 
aeology in India^ under whose auspices the Memoir haa the advantage of being 
publiahed. 

I take this opportnnity of recording my indebtedness to the Superintend 
dent of Government Printing for the care and trouble taken in the production 
of a work entoilmg so many printing difficuTlies. 


G, R. KATE 
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HINDU ASTRONOMY. 


- * 

INTRODUCTION. 

1. The hietcnjr of Hindu astronomy has a history of ccnsiderable interest 
itself; and it is desirable to refer to this secondary history in seme detail. 
It coneeras chieflj a coDtroversy tinged with acrimony, in which ceitaiii dia* 
tinguished achoUrs took part^Laplace, Bailly, Playfair, Delambre, Sir William 
Jones, John Bentley and others. This controversy relatod cbiefiy to the question 
of the antiquity of the Hindu astronomical notions, first made known to Europe 
towards the end of the seventeenth century, and it unfortanately not only 
obscured the issuoe but gave an impetus in the wrong directiob. It was not 
until the beginning of the nineteenth centuiy that the atteation of European 
scholan was drawn to those portions of Vedie literature that contain, in 
somewhat romantic and vague expression indeed, the true essence of indigenoua 
Hindu astronomy, 

2, In 1091 Oiovanni Dominico Caestni published an account of certain 
SBtronoroical rules brought from Assam by M, de la Loubthre, and thus, as 
the most renowned astronomer at that time in France, gave a first advertise¬ 
ment ; and soon after, in an appendix to the Hisloria Regni Graecontm BaetrUmi 
of T, S. Bayer, some account of Hindu ^ astronomy was given, together with a 
dissertation by Leonard Euler on the Hindu year of 36S days 6 hours 13 minutaa 
30 seconds^. In ITOD Le HentLl went to Pondicherry to observe a tran^t of Venus 
and in 1772 he published an account of the so-called Trivalore tables and Hindu 
astronomy generally. One of the more important resolta of this publication 
was tbe interest taken in It by the illustrious and unfortunate ” Jean Sylvain 
Bailly,* who. In 1787, published his Traiti de Castronomie Indienne tt orientak. 
Bailly firmly believed in the great antiquity of the . Hindu astronomical ^tem 
which, he thought, supported certain views regarding tbe development of civilisation 
that he was wedded to. His condusions were often wrong and sometimes 
extravagant. He believed that the Hindus were the inventors of astronomy. 


^ 3 ^ 1BS3-. p. 7^ 

^Thft fijrat Ifnjpr ol Biriitiid Ppsklmliil th« NktkipiJ A»«sblv io IT819 i bfe ini bora 'm 1730 tuA gmlJotiootl 
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that their observatione were direct and oiigiaal, that their theory was ample 
and true, that tbdr calcutationa, made from time immemorial indeed 

less exact than ouxa hat as reasonable and infinitelj more simple and natural 
than those of Ptolemy, and that the Greeks of Alexandria had profited 
by the Indian notionB but had mutilated their results^ 

3. Bailly’a work attracted much attention and Laplace and Playfair seem 
t-o have been specially intereeted. Laplace at first thought that some of the 
Indian figures, said to be for 3102 B.G., were remarkably accurate; but later, in his 
famous Mhxtnique Ceieate (1S0(2), he revised this oplDion: ** The Indian tables,” 
he writes, " indicate an astronomy in a state of considerable advancement, but 
everything leads us to believe that they are not of high antiquity. And here 
it is with paia that I differ from the opinion of an iUustrions and uniortunahe 
friend* *, whose death b a fearful instance of the inconstancy of popular favour.. 

In 1790 Plajrfait wrote of BaiUy^s ^sSronontte/tidtenne: "The fact is. ...I 
entered on the study of that work, not without a portion of the scepticbm, which, 
whatever is new and extraordlnaTy in science ought to excite, and set about 
verifying the calculations and examimng the reasons in it with the moat ecrupu-. 
lods attention. The result .was an entire conviction of the accuracy of the one 
and the solidity of the other/' But tbia was not Playfair's final judgment 
aud in J.tl7 he record^^ a complete change of view. “When the astronomical 
tables of India first became known in Europe,” he writes, " the extraordmaiy 
light which they appeared to cast on the history and antiquity of the East 
mode' everywhere a great unpresaion; and men engaged with eageraesa in a 
study promising that mixture of hutoricat and scientific research, which is, of 
all otbem the moat attractive. The ardour with which they entered on this 
pursuit, the novelty of the object and the surpriM excited, may have led them 
further, in some instances, than the nature of the evidence when acTupuloasly 
examined, authorised them to proceed.” He then goes on to explain that a 
more minute examination led the enquirers to doubt “ the pretensions to high 
antiquiiy tliat they found in the astronomical books of the Hindus,” and he 
refers to Delambre's argumenta " that the data are nowhere quoted from which 
Tlie Indian tables were computed and that there is no record, not even any 
tradition, of ri'gular astronomical observatious having been made by the Hindus.” 

In 1792 Playiair addressed the Asiatic Society* and suggested a systematic 
search for works on Hindu mathematics and astronomy, the actual examination of 
the hoavens m company with Hindu astronomers, and descriptions and drawings of 
the astronomical buildinge and instruments still to be found in India, etc. 

4. In the meantime (in 1789) Mr. b. Davis had made an analysis of the 
Surya Siddhdntit, He noted that the obliquity of the ecliptic was given in 
that work as 24 d^cees, assumed that this was the result of accurate observa¬ 
tion and concluded that this observation bad been made about 2050 B.C *, 

^ 4t fatmmmit antUmme^ L 41C L 

■ Trw. £1, 1700^ pp, IKS—IftL 

* Awi^ia W, pfk 159—103; 
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Sir WilliaQi Jones’ stepped in in his cbaracteristic way: ** I undertake to 
prove/’ he writes, *' that the Indian Zodiac was not borrowed mediately or 
directly from the Arabs or Gteeka/’ " The Brahmaiie,” he aaye, " were always 
too proud to borrow theb science from the Grebes, Arabs, Moguls, or any 
other nation of ‘Mlechcbas as they call those who are tgaorant of the Vedaa, 
and have not studied the language ol the gods..,. Of the idea of indebted¬ 
ness bo the Greeks they" All seemed to think it a notion bordering on phrenzy.” 
Again he tells ua that " they are also of opinion that the vernal eqmnoi 
oscillates from the third of Mina (Pisces) to the twenty-seventh of Mesha (Aries) 
and back agaiu tn 7200 years ” and concludes that this theory was based upon 
an observation made in 118J B-C. ! In reply to Playfair’s auggeatipna regarding 
a ^stematic ent^uiiy Jones naively writes; " Concise answers to bis questions 
will be given in my next annual discourse,” but afterwards he confessed that 
he had " offered ample stipends to any Hindu astronomer who could name in 
Sanskrit all the constellations that he should pouit out, but failed.” 

S. In 1790 John Bentley* controverted Bailly’s assumption of extreme anti¬ 
quity for the Hindu astronomy, and, although Bentley made mistakes and was 
an injudicious controversialist*, hia main thesis was fully established. The most* 
important of those Hindu 'astronomical works that have been in vogu® for 'the 
last thousand years or so is the SuTytt Suidkottis. In its present form it pro¬ 
bably dotes from about A.D. 1000 but it claims immense antiquity. " The 
sun himaelf delivered ...the system of the planets. . .when but IttUe of the 
golden age was left,” which, according to Hindu reckoning, was some two million 
years* ago*. But the astronomical elements in the text imply a much later date, 
namely the commencement of the Kali Yuga, or SID'S B.C. when all the planets 
were supposed to be in conjunction. Now the question was: Do^ tnia date, 
3103 B.C. correspond to actual obligations by Hindu aatronomecs at that 
time? Bailly thought it did and at one time Laplace and Playfair a^d with 
him, but as a matter of fact nothing approaching a general conjunction obtained 
at that period, as the- following figures show: 

Poa^ion of the jitaiiete ot f7)/a*n, February 17-18. 3102 J.C. 

reference to the beyiuning of the Hindu sphere. 


Sun. 
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* Tht writ of Sir IfifUom JTflUM. w- ‘ On tbe ol thf Hindtu; p, 111 ‘ nppliwcni to tlv tmoy 

oaliiittuclinntoIagy.V^St': ‘On tteoatkiiiity ol Use Indian lediM." p, 71 f. 

•* On Ute ubqtLity o( the Sarj* Skldhitita ud Ui« fnfMtwn 0l Um aetiwuMiUHl ctoIh tlwiein wnbnwd. 
Afiatie StMardk^, li, pp. B37—3**- 

* “ He thanragjily niti*pp«li«wW ***“ elimrter ot the Hmhi vtnnuniinl Uumiiuie tliinkinB i» te be m 

the mwn. e sim 1«ib™ (i«ined purpow ol decenriiti Uie wnrM mpcctiiia tlw of iheHiiul* 

people.., .UtOe ol hit tr«k wonlii tt»d tho leal of a tWu# J 9 n. Am. O n a i nr a#e. ISW. 

11 , 168 . 
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4 . 

Tbistftble' may be said to dkpoee of tbo question of ofaeervatione at 3102 
B.C. or tberesbouts; but there remained to be settled the time at which the 
observations, on which the tables and calculationfl were baaed, actually did 
place. The above consideratione lead to the coDctusion that the period 
of conjunction was calculated backwards from a certain other period at which 
the actual positions of the planets must -have been known approximately at 
least. Bentlev attempted, with some success, to find this later period. He 
showed by a table ** the gradual decrease of the errors of the Shiya Stddh^tai 
from the year 31Q9 before Christ, down to A.D, 99d, and also for two periods 
later, in order to show the iacrease of the rarors again in an opposite direct 
tion.” 

Bentley 9 taUe of errors m the postiKww of the phmato ae eakalated according 

to the Snrya Siddhanta 
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From an average of the resulta Bentley concluded that the Sdiya Riddhftnta 
dated from A.D. lOOi. This may be accepted as a rough approximation to 
the correct date, but taking the average of such a set of Sgiiies is unsound, 
as they are not of equal value and should be * weighted '} and It is assumed 
that correct observations were made at some particular period, whereas the 
error in observation was possibly sufficient to make Beutley's conclusion wrong 
by Eiome 300 years. However, the main condt^on is undoubtedly more or less 
correct, and since Bentley's time a great deal of evidence that corroborates 
the view as to the comparative modernity of the iSurya Siddhanta has come to 
hand, 

6. In 18tW the scholarly Colebrooke quietly introduced the suggestion that 
Hindus were in some ways indebted to the Greeks* Montuela had, indeed, 
made certain statements on this point,* but they had been brushed aside by 

> Sqcih ubk* lliwld, however, be iatejrpfvted witb eireunMpeetiOiD. The Sgttfcs themwlv«s j»l pcffectlj 
ovrUbiMidIbcirvBtiflc^n woold be* wmHi of labcur dow ; buttbejiroy be*c«e|)tcdMUIustrotlAf tb« mtdaubted 
fMt tlut tbcM »M iw genenl ooqjonctioo »t SIDS R.G. 

* * Oft tlw Indiu ud Stifaiui divwcina q{ the udUiL* ^wo/k JicMoreAM LX, 1107, pp. 3S3-^S ; ud 
il, pp, S31—373. 

* Btiloirt 4 ci MKtflMafiiep, ITD 0 — 180 S, il,ilL 
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Sir William Jones^ Colebrooke wrote t ** None of the astronomets whoni 1 
consulted were able to point out in the heavens alt the aaterJaniB for which 
they had namee*** J apprehend that it mufit have been the Arabs who adopted 
(with slight vaHationB) a divLBJon of the zodiac familiar to the Hindus. 

But he alao points out. that several Hindu astroli^eal notionB were confessedly 
received from foreign nationa (p. 371) i and he notes the correspondence hetween 
the Hindu and Greek signs of the zodiac> the dreshkanas of the Hindus and 
the dekanm of the Greeks, and suggests that the term refers to 

a Greek author- " By their own acknowledgment/* * he writes, " they have 
cultivated astronomy for the sake of astrology ; and they may have done it 
with the aid of hints rec^ved from the same quarter from which their astrology 
is derived.** (p. 373)- In 1817 Colehrookc gave further evidence of the coimnimi* 
cation of the Hindus with the west^ and in the same year DeUmbre^s la^ and 
perhaps most celebrated work, which pays considerable attention to the astronomy 
of the Hindus, appeared^. Delambre^s opinion carried great weight and after 
carefully examining Bailly's and Bent1ey*a views he gave it almost, wholly 
against Bailly. In 1825 Bentley published his Historical View o/ Hindu 
Agronomy, a valuable bookj but marred by intemperate language and impatience' 
with all opposition. Even 'Colebrooke was roused by it to reply, in the Asiatip 
Journal of 1828^. 

7- During this period of controversy on matterB of hetitioua importanCiO 
there had been a certain amount of research in more legitimate directions.. 
Sir W. Barker, Commander-in-chief of the Bengal Army, had examined with 
some care the instniments ol Jai Singh's observatory at Benares^; and shortly 
afterwards (17»5) Playfair had suggested the line of research already referred 
to. In 1799 Hunter gave a detailed description of the instruments of Jai Slngh*s 
observatoiy^ at Ujjain. Unfortunately th^ investigations also masked the 
real iasue, for it was popularly believed that Jai Singh's astronomy was an 
off-shoot of Hindu astronomy proper, and it wss not realiBed that it was a 
direct result of Dfusiim teaching. The real foundation of a proper knowledge 
of the history ol Hindu astronomy was laid by Weber (I860—1868), WTiitney 
(1858) and Thibaut (1677—1889). IVeber gave us the Jj/oiuha Yeddfiga^ etc., 
Whitney a translation, together with a critical commentary, of the SHrya 
Siddkdnta, and Thibaut the Pc,n€k[tsiddhdnlikd of Var&hamihira; and with these 
should be mentioned Sachau*s translation (1888) of Albirtlnrs India. These con- 
tributioDS settled definitely the question of the connexion between the later 
Hindu astronomy and that of the Greeks i and the attention of the orientalists 
was consequently directed to the earlier periods that had been des%nated 
Vedk and post-Vedic. In 1893 Jacobi and Tilak mdepepdently suggested that 
the Vodic works contained important astronomical evidence of their own anti* 

* IT, 71 1 

* Alfftlbmmik AriihmMik^aMd Mmnniiemffpm lAit HCrt, lilV^ pp. net— xhJt. 

■ dr wEKMiu, 1817, i, i00--9i7, 

iL 368-^4. 

* mr A^vmmM O ^mnsim int cf Jmi BtmgK pp^ SV-S9'. 
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qni^; but their views were aixoiigljr opjioaed by Whitn^, Oldenbeig and 
Thibaut, Thus was started another controversy, which, like the earlier one* 
was aleo flavoured with a certain amount of personal virus *, for Whitney, whose 
knowledge of Sanskrit literature and of astronomy was unrivalled, aconsed Jacobi 
of dcungenuousoeas. The general restdt is that while many Eoiopean orientalista 
reject Jacobi’s and Tilak’e hypotheses, in India itself they are popular. But 
even those who oppose them must • acknowledge that Jacobi and Ttlak have 
made the subject of controversy extremely interesting. 

In the following chapters coiiidderahlc attention is paid to the earlier or 
pre-Greek period of Hindu astronomy and the later material might, with some 
propriety, have been excluded altogether. However, not only has this later 
period a sort of traditional claim to attention, but its study often helps to 
clutidiite obscure points of the earlier period; for the Hindus, when they absorbed 
the 'o'estem ideas, often gave them an Indian setting ; and also the period of 
absorption is one of such extreme interest in the history of civilization that 
any Ught thrown upon it from the cast is valuable. Therefore this later system 
has been analysed m some detail and a brief account of the chief Hindu ^ttono* 
meta who expounded the western astronomy has been included. 


PSSEOVS, 


CHAPTER II. 


Periods. 


8. The earliefit sacred ^orka of the Hindus, known as the Vedas, contain 
many astronomicai references of mterest, and these references have a special 
value, largely due to the position those works hold in the history of civilisa¬ 
tion ; while the astronomical records in the worka subsidiaTy to the Vedas—the 
Brabmanas, Upanishads. etc.—are also of considerable historical interest. The 
earliest formal work ou Hindu astronomy that has come down to us is probably 
the JyolUha Vedd^, which claims by its title a fairly close counesion with 
the Vedas. Spread over a cousiderable period are the great epics the JfoAd- 
AAorota and RdmayafUJ, which also contain astronomical matter of interest, and 
corresponding in poist of time wdth the later portions of these works are the 
Purdnas, which give in a popular form some account of the current astronomy. 
Later than the Jyotishd FeddAja, possibly by some centuries, come the earliest 
of those text books of the ffuryd SiddhanUa tjrpe, which, with some modification 
ii\ matters of detail, have continued in use for the last fifteen hundred years. 

9. There is a verv m^ked diflerentiatton between the works of the type of 
the Jyotisk VeddAga on the one hand, and those of the type of the iSurpo 
Siddk&nia on the other, and this differentiation la not merely one of time—it 
is so fundamental that continuity of development appears to be altogether out 
of tW question. Somewhere between the Vedahga period and the period of 
the composition of the original Siirya Siddhania a distinct break occurred the 
old methods and rules were discarded and new method were introduced and 
new phenomena treated. The time of this break in continuity of development 
is known, at least approximately, and it may be tentatively stated to be abont 
A.D. 200—500. This forma a convenient epoch in the history of Hindu astro¬ 
nomy, and, for purposes of exposition, it Is proposed to utilise it in dividing 
the material available into two main sections, which with their subdivision 


may be roughly tabulated thus’:— 

Ftir.fipsl Hortwot mfomtstwiiH 
A) V«du, Dntlimaoas, etc. . 

As Jyutisha VecUnga, etc. . 

AB UaMbbarata, Pucasas, etc. 

Bi Works of Aryabhata, Variha Uibtra, etc 
Later SiddhanUs, etc. 


foiijeetutel dates, 

B.c.iaoo — B.a«)o. 
B.C, 400 — A.D,300. 
B.C. 400 — A.D.400. 


A.D. 100 — A.D.TOO, 

AD. 700 — AD.900. 

a-hBLU UIWW— ^ 

Ti lls scheme must not, however, be taken as literally exact: it is simply 
a convenient one that exhibits some parallelism with the actual facts. 

10. Tne aourcea irom which our information regarding the astronomy of 
the earlier period is taken ate the texts of the four Vedas, the BrShmanas, 
and the Upanishads. For general informauon about these works the reader 


1II will 1* cavenienl tunw to trfrr to th«e wtUni- by tl* aum ol tl-jif prmeip-l or oti*T 

imrtw.. th* poHod (A,), tbo |™t.V«l« or VodtoBo p«wd tA.K 

U> luch DomeiulAturQ will tiuwflbj- ba iupliH-. _ - 
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ifl Inferred to the excelleiit books by Profeasois Barnett aad RspsoD, end others. 
It may, however, here be briefly explained that of the four Vedas the Bigveda 
is by far the most important historically i and that a Brahmana or religious 
manual, and a Sutra or collection of rulea are attached to each Veda ; and that the 
Bmhmana is further divided into three rather vogue orders of which the Vedfinta or 
UpanUhad is chiefly concerned with theosophical speculations. The Ved&ngas are 
subsidiary works of later date dealing* with the several branches of secular knowledge. 

The chronology of these works is somewhat as follows: — 


B.C. 1200—B.C. 1000 

B.C.aoO—B.C.600 
B.C .600 

B.C.OOO— B.c.aoo 
B.c.aoo^A.D.aoo 


^ Peritfcd of VhJic c{>nectiDiLii—Rig Vedit, 84m« Vedfi, 
Yftjur Vedft amd Ath&rva V«da. 

« Fmod of the 

The ^Arlieat UpAJiishadii. 

« Periixl of the SGtrofi. 

« Pflriod al tfie V€KJingftA. 


11. The Mah^iidrataj Rdtndyaria and the Puranas occupy a peculiar position 

in the history of Hindu astronomy, for while they, no doubt, embody certain 
ancient astronomical traditions, they contain a good deal that does not obviously 
appertain to the earlier period. On other than astronomical grounds the later 
limit of portions of the MahibhArata hoe been flxed at about A.D. 400 and 

the texts of the PurAo^s generally contain unambiguous evidence that they are 

at least as late as that date. Citations from the epics and the pseudo-historic 
Pur&nas must therefore be employed with circumspection. 

For the post-Vedic period (A^), which is marked by a certain amount 
of format astronomy, we have the Jyotisha Yeda^, the PaUamaha SiddhatUa 
and the 5uryapra;iuip(i, all ol winch exhibit schemes that are essentially similar. 
Conriderable antiquity has been claimed for the first of these, but it probably 
belongs to the beginning of the Christian era or thereabouts. For the PaitdPtsha 
Sidd^nla we have a deftnite date, for it employs the epoch of 2 Sake (=A.D> 
80). The SuryafrajHapli contains astronomical methods that are quite as anti¬ 
quated os those of the Jyati$ha VeddUga but there are indications that lead 

to the condusloa that it is probably of a much later date. 

12. The second period (B) may be conveniently divided into two sub-periods, 
of which the earlier one only has historical importance. This (Bi) may be 
copsidered to coincide pretty closely with the period of the Gupta dynasty 
(A.D- 320—B50) and it embraces the most celebrated of the Hindu astronomers— 
Puliia, Aryabhata, Varaha Mihira and Brahmagupta and their contemporaries. In the 
history of civilization generally this period is of exceptional interest. In India the 
period was pipductive of many important work m mathematics, astronomy, astrology, 
medicine, poetry and the drama. The following dates may be noted:— 

AA). Aryabhata bom. 

A.D. SCO Epoch of tbe Romaka Siddhaata, 

AJ>. &8T Varaha HiMra died. 

A.D. Brahmagnpta bom. 

623 The BrShmatpkutatiidhSnbt composed, 

A.B 600 Epoch of the KAsadeAladyaAo. 


80nRCS9. 


s 


Th« second sab-periodj which extenda from about A.D. 700 to the present 
da^;, ia oi subordinate interest altogether. Bh&akara is the only conspicuous 
figure and his importance has been somewhat exaggerated. His Siddhdnta 
-ii^ronta^t is, however, one of the best known of the Hindu works and will be 
occasionally referred to in the sequel. 

13. The more marked aatroBomicai features of these penods are — 

A] (Vedic). A >ear of 300 days with an oocasional intercalary month, not 
clearly defined; divi^on of the ecliptic into 2f7 or 28 nakehatras; the absence 
of any explicit reference to the planets; etc. 

A| (Post-Vedic). A live-year cycle consisting of 5X30n days; the lithi 
equals one-thirtieth of the )^no<Uc month and 61/02 of a natural day; the 
ecliptic is divided into 27 equal or 28 unequal nahshatras; the difEerence between 
the longest and shortest days is givea (for Hjjain) as 4 boors 48 minutes; 
there is no definite treatment of the motions of tiie planets- 

B| (A.,D. 400—^700). The motions of the planets dealt with in some detail 
by the method of epicyclesi parallax of the sun. and moon; eclipses; direct 
and oblique ascensions; length of day (correct theory) ; heliacaf.settings and 
risings; gnomonics; the sine function introdneed; formal astrology; the mkshB> 
tras become cl aubordinate interest; precession inadequately treated- 

B, (A.D. 70ft—1000). The same topics with more elaborate detail, the 
exoentric introduced; precession treated as a libration; but the fundamentals 
and methods are the same as in the previous period. 
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CHAPTER III. 

Early texts. 

14. It is Qot altogethei an easy matter to give a strictly logical expositioa 
of our subject. The textual, Iilstorical and Logical aspects are to soiue extent 
in conflict. . Certaiji texts cany much more weight than nthero; topics occur 
and recur, and there is a good deal of overlapping; the chronological order 
of the texts, or portion of them Is not always well defined. Therefore, at the 
risk of s certain amount of repetition, it is proposed, in the first place, to 
give a sort of astronomical epitome of the more important texts, and after¬ 
wards the mateiial, previonsly dealt with rather summarily, will he collected, 
arranged and discussed in more detail, under suitable headings. 

Crude astronomical notions must have been, in connexion with sacrificial 
ritual, cornTnoii property at a very early stage in India. The morning and 
evening sacrifices, seasonal and vearly sacrifices, and those at new and full 
moon necessitatkl a calendar of softs and some knowledge of astronomy. As 
the eariiest astronomical text^book says: " Since the Vedas teach the aim of 
sacrifice and sacrifices follow the order of time, therefore be who knows astro- 
nomjt that i^ the science of time order, knows the sacrificial rites.*' 

In the Vedas the astronomical statements are sometimes vague. Often 
the heavenly bodies are pereontfied—but the differentiation between the god 
and the object is not very itiarked; and it Is possible that certain names that 
have been handed down were originally connected with astronomical phenomena, 
althongh the connexion is now obscnred. The romantic vagueness of many 
of the passages, of the Rig-Veda particularly, naturally leads to speculation— 
sometimes extravagant, hut often of considerable interest. 

15. la the early works direct cefereuces to the subject of astronomy are 
very few, and no reference to any work on astronomy occma in the SaihhitSs 
or Brahmanas. In the Yajur Veda (XXS, 10) the nakshatra daria (stai>gazer 
or astroLoger) is mentioned as one who would bring ‘ insight ’ if ofiered up as 
a aaciifice; and in the same list of human victims fXXX, 20) the gai^ia fcalcii- 
lator or astrologer) is said to bring ' power ’ to the saerificer. The Chh&ndogya 
Upamshad pves (VII, 1*/, 2’ 7‘, ) lists of subjects known to X^ftrada and these 
lists include noissafra vidya {astronomy), and raii (quantity or number). Apas- 
tamba says' " The Veda has six afigaa, the kalpa of the Veda, the treatises 
on grammar, astronomy (jyci<wJhj)*^ etymology, phonetics and metrics " and 
these are known as the Ved^hgas or ‘ limbs of the Vedas.* In the Jaina SQtras^ 
astronomy is said to be one of the principal accomplishments of the priesK 

* Sttrm iv, if, 

GvoEfaily ipvkinif, in M'v^ uul Mmttoticmy wm two hncbcbni of mm KEosee. Th* term /fofutAa 

fa both mad MirctUHDf^, w4 ih^JfoiiMka lud fa tocnr Htnyoomy, jn>iiDiiJ ihar^X 

ftftli/araL ut-ffiksy. Judifli*! Mtinlofy 1ft iat& utiviljr i progihaiiica far joura^ ftinf 

lor fnrftAa). {U* Lt. 90uK Sm mha ibv /^LAm ch. L 

•flBE 3CKSi, ni. 
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Some passages accord & sorb of approval of astrology but there are othece 
that seem to imply that it ia not quite respectable. Baudhayana says' Now 
(follow the ofiences) which make men impure— .gaining one's livelihood by 
astrology and ,so forth,” The laws of Mann teach* * that for certain purposes 

”he who subalsta by astrology_must be carefully avoided,” aad the astrologer 

is placed in rath^er doubtfui company, and the ascetic is forbidden* to seek 
alma by skill in astrology and the other ahgas of the VedSi” The Mahibhimta 
also seems to slight those who * JiYC by the ataiH.’*'* The A'ouliiiyu Arthaidatra 
states that " faith in the auapiciousucss of lunar days and stars ” is one of 
the " olst ructions to profit” aud also that ‘wealth will pass away from that 
childish man who inquires most after the stara.” 

The Fosho-fi»g-isang* forbids star-gaeing and astrology, forecasting luck) 
and unfortunate events by signs, etc.” and in the Tevijja Sutta we ace told* 
that “tome Samana Brahmans. . .continue to gain a livelihood by such low 
acta and such lying practices as these: that is by predicting ' There will be 
an eclipse of the moon.. .There will be an edipee of a planet. The aun and 
moon will be in conjunction.’ * 

The Kiq Veda. 

16. The point ol departure in the study of almost any section of know¬ 
ledge In which India is deeply concsemed is the Rig If fda ; and in this India 
b indeed fortunate, for of all the literature of early civilisation the Rig Ved^ 
b perhaps the moat fitscinating to the philosophic enquirer, and, in particular, 
the Viidie hymns that are devoted to celestial phenomena arc amongst the most 
beautiful. But these hymns are concerned with the attributes and functions 
and praise ol certain divinities who are only very loosely connected with 

heavenly bodies or phenomena ; aud the astronomical information exhibited 

in these hymns is by no means their essential part. Much as we should like 
to dwell on the hymue to Shiya, Savitii, Mitra and the other Adityas we ere 
constrained by the nature of tbe present work to be content, for the time bdngj, 
with culling from them a few dull facts.* 

In the Rig Veda the sun is the source of light, out-stripa all in speed*, 
measures day and night,* drives away the stars and night like thieves'*. The 

sun's chariot has seven** horses generally but occaainually five, or ail, or a 

thousand'*. Occasionally the sun was overspread with darknees by Svarbhhun, 
which was distipated by Atti and by prayer**, 

» SBE. sir. MO. ■!*.)» * vi, SO 

W* HormniB Tk€ Mpic Judva^ li, 

* Rstb MuddkiM SBE, xU 

*lt hte bvm saggHtcd to me ihtX tbc opiKwitHHi to utrmioiilkAl A&d lo» wa« dOB 

[« fedin^; bot W liw | 10 : the Jdfiiiai &t Jwt* to3eMf» it,' See mJmA pltga 1S8, 

BtTBbo rejctt rr, 1} to the Birnkm mum wm cweidpjriag ihfTPBBlTw with phjwloK7 UtMaOCsy. 

V But i» Appcffllii iL ■ I* • i, Nl^ ^ i, CHJ*, 

iM. OO^ i le I Ti, j etfl. ** T* Ai.* 

T. t in £»■; 33*. aJmi ^ 35* ; at. SI* 1 *. 13^ ■ * Hiy 0 x ; WurrMXir JAW 13 

iiri lA ■ Acjd SBE ili, pi 
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Tbe moon appears to order the seasons and is coDtinuallj born again- The 
son and moon ' ascend alternate,' and moTe ' in close succession*’ but the 
moon plays a subotedinate part throughout, although Soma ^afterwards a Moon- 
God) is, from a nou-astconomical point of view, of supreme importance.' 

The year has twelve months and 360 days, and is divided into four quarters 
of 90 days each*. There ia no definite reference to a five year cycle’, nor any 
explicit reference to an intercalaiy month^. The account of the Ribhus reposing 
for twelve days** has been supposed to imply a lunnr year of 354 days with 
the 12 additional days making 360 in all. 

Jacobi tbifikw that the ' Frog hymn ’ indicates that the year commenced 
with the summer solstice*, and that another hymn marks the bi^oning of 
the year with the sun in the asterism PhalgunP, and the summer solstice occurred 
in. the constellation usually identified with Pbalgum abont 4000 B-C. In another 
passage* Tilalc sees a refeience to the heliacal rising of Siiins at the vernal 
equinox, and Kern sees a sunilar reference to Canopus in i, 170 & ISO. 

It would he. stupid to insist that the Vedic seers had no knowledge of the 
planets; but the fact that there is no explicit reference to the planets m any 
' of the Vedic writings is undisputed* A great deal of ingenuity has been exercised 
in trying to discover references that imply the planets or a knowledge of them 
but without anv assured success. The implied connexion suggested in most 
of the texts cited is due to the mention of the numbers * five' or ‘ seven ’ 
" the seven sages with five Adhvatyus^, ' the five ukshAo^'*^ ” * kite seven 
Adityas’**, Btibaspati was later on the name for Jupiter and it is poarible 
that in the Rig-V^ the pladet is meant by B^thaspati** but this is only con¬ 
jecture* ‘ The cload-bom Vena’“ has been equated with Venus but without 
general acocptance* According to TUak’^ the use of the terms Sukra‘* and Manthim 
implies a know ledge of the planets, and the “ thirty-four with I^ht-like nature' 
Ludwig thinks includes the seven planets and the 27 nakahatras.** 

Of constellatione there are few definitely mentioned: Agltua ntid Arjutu** 
are usually identified with the adjacent ssterisma Magha and Phalgum; Tishya 
may be a special star** although Siyana identifies it with the sun; and the seven 
Rishis, in one passage at least,’* probably denote the ' Great Bear,' and the 
Rikshas (Bears) in another case** probably denote the same constellation. Tilak 
sees’* references to Sirius and Orion in certain pasaage.e** 

1 a. BS'** " ^ ' i. I'M” : i. IM**: b IM'- 

< Bat M iii, CA-'* 

*’ i. Km bcvii iq^ppMtd bn See f ^ 


* rwt 3^' uul Znofn AUindiKha l^bm* 


*Tiie SOJP. 

1* Oripm. p. t$i. 

» I, 


H lOS^K 

X, H* 8<e olio i, IS!* . 


•* X. 85*», 

‘•L lOB»a 

*• n 54"; I, UK 

“ li. lu*. 

•» *, 83*. 


*• 1. 34**. • 

isa*. 

*‘ OlWI, W it MJ* 

" r, t4» : X. »•>: J, 106*'} S, 1SI»*, VIC. 
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Other Sajihitas, 

17 The Yajdb Veda {TaUtiriya Sarkhita) gives a lUi of twenty-seven aa* 
terieffis or nakshatraA, commencing with KrittihH*. It also Btat^ defimte^y 
that the fuU moon in Phalguni is the begitwiing of the year.* Thus the 
Teittiriya Saiiihitjl gives iu» the two most important wntributJonB to Vedic 
astronomy. Nakahatra hats ore also given in the Maitrlywji and KSthaka 
SaihhitAs and in Uie Athanra Veda. The topic is of sufficient importance to 
be dealt with in a special aection. The passage relating to the year 
with the full moon in the Phalgtim has by Jacobi been combined with the 
notion that the year began with the summer solstice; the ^mbinaUo^which, 
however, is by no means a legitimate one, gives a date of about 3(>W B.C. 

The Atharva Veda refers explicitly to a thirteenth month of. 30 days, 
which possibly implies a five year cycle of 5X360+30-1830 days, such as la 
exhibited in the JyotLaha Vedanga, etc. The names of the year as given in 
Mvcia] of the Samhitlla are of no astronomical value*. The Athawa Veda 
also mentions eclipses on several occasioii#, and introduces KRhu“. the demon 
of eclipses: Soma and Rudra remove the ecUpsc.^ The natshatra list of the 
Atharva Veda conaists of 2» astorisms and is, apparently of an astrological 
character^ There is a possible reference to Sirius and to the three stare of 
Orion’s belt*; and possibly SakadhQma. * the king of the astensms, is the Milky 

Way.’* 


SUBSIDUBV TEXTS. 

18. The Brfihma^aB add very little of aatronomical value. There ate defimte 
reiorences to a thirteenth month of thirtj^-five" daya or thirty-six days.** The 
Krittikas ace said to rise in the east and the seven » the north, and 

Dikahit cit« the former as implying that the KrittikSo (? the Pleiades) wme on 
the equator and deduce* a date of 3000 The Rohini myth is, m the 

Greek fashion, transferred into a star picturei^*. 

The Upanishada add nothing of special interest except, perhaps, a referen<» 
to the ' fixed' (d/irona) pole star,’* which Jacobi identifies with Draconis 
and BO deduces the date 2780 B.C. The nakshatras appear to occupy equal 
Apaces of I3i degrees and the year appears to be divided at the beginning ol 
Maghi or the end of Asleabi**, The terms Kcto and Graha are employed” bux 
not with any definite astronomical denotation. 


* *ii, 4*. 


' IT, 4'*. 

^ ^ * T. ; aK. S^. 

• BhOk lViWirtpa3(n*40fiT, B*. Tb«e innm TU^f in nnmbi* Iwo ic d*- 

»ili, 2* I i1. * **' . 

* wL »'*. '* ’®*'- 

o SB. ix, 1. I”. ISI. §B *, 8. 4>. SBX, slUi, 3W. 

n a i. 2^-*. S« §»- 1 **" 1"' ** “*■ - ... ft 

MBU 1 4 T-y, tl» norUi T*^- i. in rtfw In tli.t. thin if « 

«rUhi tw *bi«t dwfyf «in«M in the WBW mptA." ■ tt.*™ Antmnkrni tl J*™*#, 1-. 4. 

i9 mEU tI, U, 31®. 
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The JiTAKAs. 

■■ ^ 

19. It has alrewiy been pointed out that Baddhist teartB Are often severe 
in their oondBnjiiiii.iJG of Btar-gazing, setrologr and anch practioes » the fore¬ 
telling of Bciipsea ; but the Jdlafaw contain fairly QumerooB references to astrono¬ 
mical mattere. In number 29 the Kappa or era, with its four era miractea, 
is mentioned, the firet of these miracles .being ‘ the sign of the hare in the 
mDon, which will last the whole era/' In no. 48 a charm is to be repeated 
St a certain conjunction of the ptai±eta,'and the magician is made to say ‘"It 
will be a year before the requisite coirjarujtion of the planets takes place 
again." In no. 474 the following verse oocum 

The hour and moment suit noV: so wait 
Fit conjunction of the planets in the tiry. 

Sunilar references to conjunctions of the planets aw mad* * in nos. 481 
and 522, and in no. 481 the goblin on releasing the prince says : " Go forth 
from my hand, oven aa the moon from the jaws of H8hu ; ” and such referenceB 
to the demon of eclipses recur pretty often * 

Ts£ MhAhhAKata. 

20. The MoAdMdto/a, the longest epic poem knoa-n, has, as a whole, no 
definite dote, but, with a cuneidorable probable error, the period of composi¬ 
tion may be stated to range from 400 B C. to A.D. 400. It contains interesting 
material of a quasi-astronomical nature. 

The five-year cycle is mentioned and it is stated (vt. 62*) that there would 
be an excess of two months in five yea», and of five months ais days in i3 
years. The Kfita age is also mentioned without specifying the length of the 
period, and it Is said that it will come again when the sun, moon, the naksbatm 
Tishya (sFushya) and Jupiter meet in one sign fiii. 190*")*. ■ 

The nakahatras are geuerally 27 in number {see 1 86'", Xli. 207**, XU. 
343*^ but 28 seem oocaslonally to be implied {e-jf., in V. 110“, IX. 34*); and 
there is a reference to the disappearance of Abhijit: " The lady Abhijit, the 
younger sister of Rohipi, being jealous, has repaired to the woods to perform 
austerities, and I am at a loss to form a Ku^titute for the fallen star/'{iii. 

' 280*}, " Time was airanged by Brahman to begin with Dhanishtha ” (iii. 230’*) 
bnt the nakahatras are said to begin with Sravana (xi. 44*); and the change 
was made by Vtivftmitra " who in anger created a second world aud numerqus 
stars* beginning with Sravana" (i. 71). 

The month begins with the bright fortnight (new moon to full moon; and 
» half month contains 14,16 or IB days. An edipse occurring on the 13th 
day is mentioned (vi. 9**), 

t Kih. SL3^; ** To llhdn oc«elEk» KH 110 poor ZrtikMH 4l«it TIm hmits did Ha om Anl) lo ttx, 

vta torn n On mo<m itApnii. Hwt gwlwi vrb m arm mo gnvt-” 

■■ 1 . 7 ,^ UL mm. 19, C37. 

* iiippowd^ marrn «■ hm^ to oobvidi wiih Cmaoft, msA prediotid %h.mt tlw vorld vaaM hm 

trcnit rnhm all ^ plunrt^ ws9 hk Cum. (it« Bocojl IdiFtTbirncq. prtipfu. p, 93 ^ mad 
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The planets are meationed by name in the tdlowing order ; Venus. Jnptter, 
Mercury, Mars, Saturn. lUhu and tbe other planets.'* (ii. 11^. The stars 
though " so small in consequence of their distance, are taige *' (iii. 42*'). This, 
Ifophins thinks, Is the most surprising astronomical statement in the epic*. 
A man star picture is constructed (xm. 110*}. 

The BAviYAKA. 

21. The BdtndyotM of V&lniiki was probably composed in the fourth or 
third tentuiy B.C. but it is not free from more recent additions. It contains 

‘ a nnmber of astronomical illustrations of which the favourite seems to be the 
Bohini Moon myth.* A number of tbe nakshatras are mentioned and generally 
with reference to the position of the moon* and in one case Pushy a appears 
to be equated with HOna (Pisces)*.. Of particular constellations the Great Bear 
atiH Tri^hku occur*. The planem Mats, Mercury, Jupiter and Venus ace defi¬ 
nitely mentioned^. One whole canto is devoted to tbe glory of the snn*. Rfihu, 
BB the enemy and devourer of the moon, is mentioned on several occasiona*, 
but Eetu does not appear to occur. Mem is stated to be the best of monntaiDS 
and is generally coupled with some other mountain range, e.g., Vindhya, Himavfin*. 

22. The Pcrt^itAS.—^The chief characteristic of the Piiranas from our point 
of view is perhaps connected with cosmological notions. Jacobi writes**) " Notwith¬ 
standing, or rather because of its visionary character, Paur&nic cosmography 
became, as it were, an article of faith. The general belief in it was not shaken 
even, by the btroduction of scientific astronomy, though tbe aatronomera tried 
to model the traditional cosmography on the basis of their science." The 
following U condensed from the Fuil^u Purotm (ii. 29): The seven great islanda 
are surrounded by seven great seaa Jambil'dvtpa is the centre of all these, 
and in the centre of this is the golden mountain Mem. The height of Mem is 
64,000 yojauaa and its depth below 16,000. Its diameter at the summit is 
32,000 and at its base 16,000; so that this mountain ia hke the seed cup of 
the lotus of the earth...The orbit of the sun is 100,000 yojanas from tbe earth 
and that of the moon an equal distance from the sun. At an equal distance 
above the moon is the sphere of the nakshatras. Mercury is 200,000 yojanas 
beyond, Venus 200,000 further still. Mars 200,000, Jupiter 200,000, and Batum 
230,000 yojanas beyond Jupitst. The sphere of the seven B^his is 100,000 
yojanas beyond and at the same distance above is Dhmva. the pivot or axis 
of the whole planetaiy circle. Beyond Dhmva are the four heavens. ...On 

*■ BcTseiiil^ (S30 B.C.) UugJit ttst “ (mX cUr « ■!» a ttniveiw or vwld. in tbe inSiute lUwr, boS 

oowprumgan«onb,BnBtzi»M|ibrw wilMriLhw.’* p. AH. 
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Dhmva rest the sevcD great planets, and on them depend the clouds. As 
Dhruva revolves it causes the moon, stin and stars to ium round also, and the 
nakshatras follow in its ciioular path : for all the heavenly bodies are, in fact, 
bound to the polar star by aerial cords. 

The order and distauces of these spheres from the earth are — 


YojftOJiia. YojfeDM. 


3ud , 


. 100,000 

Mara 


. 


mooo 

Moon » , « 

m 

300,000 

Jupiter 




, 1,100,000 

Nakihatrae . 


300,000 

8stum 


. 


, 1,350,000 

Mercury 

* 

500.000 

Seven 




. 1,4.50,000 

VeaiiJi , 


700,000 

1 Dhruva 




. 1,550,000 


This order was not strictly followed by the later astronomers who placed 
tiie sun in ita correct relative portion and the nakshatraa or atara beyond the 
furthest planet, and omit the seven Etshts and Dhruva. Besides the five pis nets, 
Rshu and Ketu are mentioned, and each o£ the seven has a chariot drawn by 
eight horses (VP. ii./* *)* 

It in implied that the winter solstice takes place at the beginning of the 
month Tanas (MBgha), and an equine a, apparentlyp supposed to take place 
bi KrittibA or Vii^khi (\T. iL 8). 

There is also a reference to the rei'iirrence of the Krita age similar to that 
given in the epic. 

Tlie RUhit .—One of the moat eKtraordinary astronomical theories 

that occurii in Hindu literature is connected with the seven R is his, which are 
generally ideptified with the Great Bear. The principa) authorities ure the 
Panra^ic texts and Variha Mibira. The following is a Pauranic version o! the 
theory: " The seven ^ishis (were sitiiated)i equally w^itb regard to Pushy a while 
Pratipa was king. At the end of the Andhras^ who will he in the 27th century 
afterwards^ the cycle repeats (itself). In the circle of the nakshatras^ wherein 
the seven ^isfais revolve, and which contains 27 m its circiimferenoe^ the seven 
Bishis remain 10#^ years in each in turn. This is the cycle of the ^seven Rishis, 
remembered according to divine reckonmg* as 6 divine months and 7 divine 
years."® 

'■ Cju it 23> 1 s Tbt tiM ci«ettle Uwir turning m of tJwir fefing tlmco put of their cotuie 

bj tmndimMrnd ait vhk;h Muti ih^ir fm motiDfl." bj H^tp. ArUtarckm* of p. i 2 . .ilriftotW, jUse 

4p»iia M th« wiiidi M# cwuivjt tbr biVTKilj molioiu. (ib. p. 32^} 

* A iSmjM jfw ii SaO drduLifj fom, 

* No laUilioctcxj «xp]iKn>Jjcqi pf ibif pmaam^ hi,i btrfi aivcfu If tht nokjihKttm KiJe went o nelAtiT# 

Like the weeteni wHec, then tbe et¥C}lat|pp of tbe rpnvteUaL. m Ah|^t be ifeomotffl fer by prtO fmioiIh The difiicnUy 
Liet m tbt period of 2,700 ptm : the aetuel period of ppwteiun 19 ebmit 25,AOS y^m nMIe tlje liter Himlu itxtm 
pve 24,000 jeem Alhlrajil (.fedu xJe) (|Pnlioiu tbe Sawrrt ud Attribultl to Vu^bl Mlbiia the ttitrmrDl thi| 
th« OrcAt nw ¥«iwu eco yem ui e#cb nikihtUL Now 600>^27— ] 0 ,^jOO end doee not help um (Init SOOx 2 t>« 
2l,SOO irooldj. The (dt. hinrDTadr gitei 2JD0 ill thm diftijirl forw eod oui Iwdly be qnniiontfL A poeiihle 
oxpUoAlip? 1 in cotmerticui vith Uw irwcunUe length iit Ihr ytir Ln T3at. Sbf|icK, for eiimplr, it mmt Lucj^rt 
Ukit tbfl oftbodoi tlenkfntA v«re vrvngp ibd thet ibc mor in tbe 3en|^ib of the yeir wit ntii^itid to he ihemt otvr 

In n of eig;ht yvMrm^ A recoiuiUiAtiQii ifnild then be tchieved Ky mihiqg the cocitetliitofm mvolrci onci 
ibont 9CHX>rei' ■ ' ^ t^LsaacKiitK fiHpi 355 f.; JAOB XAsa, p. 354 ; AliIkcm u ^ f Saihkif^k 

Ch- xiU. BmHAic.'t Aa'rtmi^^Ch, V. thoQld be lORii 
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CHAPTER IV, 

Early formal astronomy. 

23. Of the chroaolof^ of the period merked A2 la the scheme given in 
■^ragiaph 8 above we know pnctic^y nothing except the epoch of PaifdniaAa 
. StddAdnfa, which is definitely fixed at 2 Saka or A.D. 80. The other texta 
usaally attributed to thU period are the JyoiMka Yeddiga, the Suryaprajiiapti, 
and, we may add, certain sections of the KaufUya ArUta^aslTa. 

The main astronomical features of these works are (a) the five-year 
cycle of 6x3Hd days, (h) the omission of all reference to planetary phenomena. 

The JyotUha Tedawfo^ employs a cycle of five years of 5X300 aSvana m 
civil days, sidereal days, 61 months of 30 sAvana days each, 02 synodic 

months and 07 ridereal months. The number of risings of the moon is given 
as 5X300 — 62=1708 and the moon creeses the ecliptic 134 (=2X 02-f-2X5} 
times. A so-called ' solar day ’ appears to be referred to. 

The sidereal day dropped out of use in later Hindu works; the lunar day 
on the analogy of the solar day and counted from moonrise to moonrise 
does not appear, ever to have been used in practice, and was later on superseded 
by the tithi^ of which there were 30 to the synodic month. The tithi ia 
not defined in the JyUiaha VeddAya but it is implied and its length was 
of a s&vana day. The elements given and implied are here summarised. 

Jyotisma VedAnca Eleuems. 

5x366 = 1S30 savBiia or civil days =» 61 months of SO sAvana days oach. 

5X307 = 1833 sidereal days ^ 07 sidereal moatha o( 27savsna days each 

5 X566 — 62=1768 lanar days 

5 X373 = 1866 = 62 synodic months of 50 rithis each. 


1 solar day = J + ds '^5^- 

1 tithi = f — Jt »p « 

1 ttideteal day = 1 — „ 

1 uvsoB day = 1 ^ jols, 

1 It j» = 1 + jY tithjt 

1 .. t. — 1 * sidereal days. 

1 yiAt ^ 5^ nivAfiA dayei =? 37^ ^ 367 Aidereii = 360 sqliur daja. 

1 synodic inoBth=2:il;f sivatia diys=W llthis. 

1 mder^l ri^ontli 27|i «ivuu dmjA. 


The cycle of five years began at the winter solstice with the new moon in 
Sravishtha. The identification of Sravishth3 is uncertain but modern books 
give the small group of stars p. «, y, 8, Delphini, and the winter solstice occurred 
there about 1400 B.C. But the year of 3G0 days is so inaccurate that the 
error of position calculated according to the Jyotisku Yeddnga would in some 
600 years amount to 360 degrees. Thus the effects of precession were completely 
masked and it U not surprising that there is no reference to that phtnonienon, 

I A- Wusa t'Stf ^ A's;<JiA»r i o, Twtsaw /uw. A$. **., Btmfol, ISTT.'py, 411—457 ; CawTl 
, ne i.-*! e/rt. Jr'-**** 
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AINDU AaTEOHOMY. 


'I'lie calculfttions given for the positiofi^ of the aolsticea are even tuore erroneoiia 
still It is iflffeed probable that the winter solstice referred to was a nominal 
one, like the vernal equincuc stilt employed in’ India, 

The chief characteristic of the Veddtiga appears to be what may 

be termed the zodiacal caloulattone. The £7 hakshatras each occupy the same 
space, namely ISJ degrees^; but the positions of these nakshatras relative to 
the stars is nowhere defined, and conae<iuently the initial point of the ecliptic 
is completely unknown. There is a suspicion that the nakshatras scheme was 
employed like the western zodiac as a relative scale of measurement only and 
not as a dehoitely fixed scale* The principal parts of the text are concerned 
with calculation of the motions of the sun and moon relative to this scale 
add the positions of the moon in it at the solstices and at new and full moon. 
For example ■ The sun remains in a nakshatra = I3|; days, and the moon Feiiiains 
in a nakshatra ;= days. Also since there are 188 lunar days in one ayana and 
since 188 ^ mod. 30, successive solsticiiB will occur on the let, 7tb, 13th, 10th and 

25th lunar days. Also the moon traverses 27 X 07 nakshatras in 10 ayanas or 
p = p ((6 X 27 + 18,V naksbetras in p ay anas. We may neglect the whole 
revolutions and p (ISA) will give the position of the moon, and making p = 1, 
2, 3, etc., ve get thesuccesaive positions as I8|'^, 37 75,^ t^* 132 

1 70or, after subtracting multiples of 27, l&i^, lOi*o, 2,\„ 21 13^e, 5^, 24,^, 

16 i,, and the nakshatrsa in which the moon will be at auccesMve solatices are the 
19th. nth, 3rd, 22nd, Mth, 6th, 25th, 17th, and 9th counting from Sravishthl, 

The results actually given In the text may be tabulated thus:— 
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A'cttj ofid full wwoB.—Next IS given a very curious (and very inaccurate) 
table showing the position in each naksbatra at which a new or fuU moon 
takes place. Each nakshatra is divided into 124 amsaa or parts and the results 
are tabulated, not in order of occunence but, in the order of position within 
the nakshatras, thus 
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where i stands lor SraviahthA', vi for A^vinl and so on in order. Although 
it is not so stated the full moons occur at the odd numbers of aimaa and 
the new moons at the even numbers; and the table means, for example, that 
when a new moon occurs in the xth nalishatra {i.e., Mfigaijras) it will be at 
the 18th arh^ or division. The rationale is as follow* *s; Since in the hve-year 
cycle the moon Is in syzyg^' Sxa 2 times, and since during that period it 
traverses 27X67 nakshatras. we have 71 ^," = H”, nakshatras between each 
eyzygy or parvan, end for the j;th parvan the position of the moon is given 
by 141+73^/124—y. fiolvitig 73ic=i.rtmod.lS4 we get fl=0, 1, 2, 3. 4 for z=0 
17, 34, 51 , 68, or ITn. Therefore y5=rtx9x27+n (5^-) and 5 m+ 1 is the 
nak^hatra in which the moon lies when the ath^ are n. 

Len^h of tioj.—The length of day f is given by the rule i =12 ±2(183 —d),' 61 
where it is the number of days counting from a solstice. The longest day is 
therefore 18 muhurtaA=14 hours 24 minutes, the shortest day is 12 tnuhflna8=9 
hours 36 minutes and the daily incremeat is muhurtas=l minute 34*4 seconds. 
Time was measured by a clepsydra of which one prastha was equivalent to the 

daily increment. 

* 

JstNA ASTRQNOllY. ThE StRYAPRAJfiArTI. 

24. The principal source of information about the Jaina astronomical text 
known as the is Malayagiri's commentary, and this haa been 

expounded brieSy by Weber' and more fully by Thibaut.* The Suryaprajwpti 
is, from the astronomical point of view, of much the same type as the Jyoti^ha 
Veda1^ga, but, poesibly, it is of a later period, 

Popularly the most marked feature of the system set forth in the 
5ur^iprujitapfi is the somewhat strange cosmography that appearr to have 
been peculiar to Jaina teaching. As in the PUrAnas, Mount Meru is placed 
at the centre of the earth, and round Meru are seven conceutric annuli. Of 
these the innermost, Jambu-dvipa, is divided into four quarters of which the 
southernmost is Bharata^varsha (India), The heavenly bodies move parallel 
to the surface of the ‘earth, with the centres of their orbits at Meru, which 
intercepts their light'. This scheme presents certain difficulties tn explaining 
the alternation of day and night, etc. These difficulties the Jainas tried to 
overcome by assuming tw*o similar but opposite suns, two moons, two seta of 
stars, etc.* This duplication of the heavenly bodies was animadverted upon 
*>}■ later Hindu writers, but the absurdity lies in the assumption, common to 
all Hindu teaching of the period, of Mount Meru, the four quarters of the world, 
etc. * 

^ For L lift of nikahKtrmi. wc appendix lii, p. 

* iwd^ Atud. 254 f. « JABE imo, 107 I uid IBl t 

(Ucl* ii. J3 j54 a f SI wbo ; of thjo Afleijmt nwtwmbogiat* m*9m pfTiufcded 

Uiot th* tuit ii odt cAiritfd DEHk>t tbe i!4ftb„ but ronnd Ibi fxrth. Uid in pvt^nXiLf otlf luxibiTii portion of It* ind 
tbAt it duuppetr* Axkl produm okuht htcMnar the nrtb i« tawin'i the DOrtb.^' (T. L. Hmati dtistareh^ of 
^jnot. -p* 4ft4 

Artiut writn : ** XmopbBnn Mm tberv Ue minj mni izid mooiu Acoocdm^ lo tbe di^i^Qiu lhH 

toim of HxiTS, p- ^ Tbo iiriv Cbiiitiia vntm txbiJbit fur tnoi'r ibiord CDsulQpeal notiou. 
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The astronomical elementa of the 5*^/0jwtiTSopfi may be snmniariscd as fdtowa; — 


It* af a jmm mtM 0 I 


Tba JHT qD|||l«£« ol 


IdSO tivau days 
1800 titluB 
IWO volar days . 

toltf months . 


81 laraiia months 

81 sfitodjc months 
67 flidmal months 


366 aavana days 

367 uderoil days 
360 iolar days 

12 solar monthi 


12 siTtna months 


ns mositlv ars 

■oUr iii4aUi=30} wviu dAjti 

BiTu* moDih^SO sivkoa dAya. . 

•ynodio moiLth =^30 X ( 1 -^ ff t 
wvaaa dayi^ 

flidcnal montit^2T{^ WTwut 
days. 


Hm diiya m 
mUi dkyi=«{l-^^c) 

. dayit 


■ivtuiA 


12 or 19 rynodie montlia 


dAya. 


2 ajBiiAi of 189 daym each udonal dAy=(l—aavaiOa 

\ daya. 


The cycle is rIbo divided into five laner veani of which the fuel, second 
and touith coosut of 12, and the 3rd and 5th of 13 ^nodic montha The 
^nodio month is also divided into two lunar affaiw and six lunar seasons. 

The cycle cohunencea at the summer solstice when the moon is full at 
the beginning of Abhijit and thus difiers from the Jy< 3 liaha Vedd^ scheme. 
Thibant argues* that the SHryaprajivipti scheme is a modification of that of 
the Jyolisha TeddUffa, due to observation, and the change is due to the solstices 
having moved through n| degrees, the apace occupied by Stava^a and Abhijit. 
A precession of this amount is equivalent to about 1250 years; but Thibant 
lightly cautions his readers about the aoundness ol this deduction, which is 
extremely doubtful, owing to the general ambiguity of the texts, end, in psrti- 
cnlai, owing to the difference in the scales employed (to he shortly explained), 
to the crudeness of the observations and to the very great errors in the elements 
employed. If Abhijit is to be identified with «Lyroe, as it invariably has been, 
^en the date of observation must have been about A.D. 850, when the winter 
solstice took place at the aame longitude as a Lyrae. 

The ecliptic is divided into 28 unequal divHons to which the names,ol 
the nakahatras beginaing with Abhijit, are given. The scale is connected with 
the iddeteal month, which was ^ = 27if s5vana days, the whole cirde ol 
the echptic being divided into 27|+ parts*, allotted as follows:— 
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Each time space unit is equivaieat to 13^ d^rees. The scale is veiy 
diSeceot from that of the Jyvtisha VeddH^ and oa in neither system is the 
position of the initial point defined it is almost impossible to compare amr of 
the statements made with reference to the two systems. 

The sun revolves round Blount Mem always at the same height from the 
plane of the earth, namely 800 yojanas, but at varying from Mount 

Mem.* The radius on the longest day is 49,820 yojanas and on the shortest 
day it is 50,330 yojanas, the daily increase bei^ HS=2Ji yojanas. The 
longest day is', as in tho Jyotisha VedSnga, 18 muhOrtas hoursj, and 

the shortest 12 muhfirtas (s=9-8 boms), and the daily change A muhurtas f =rS7 
minutes}, and the corresponding latitude would be about 38 degrees. 

To overcome the difficulty of explaining the rising and setting of the sun 
it is assumed that that body becomes visible only when he is within a s ta nce 
equal to half the extent of his day’s journey. 

The moon is also supposed to move in concentric circles round Meru at 
a distance of 880 yojanas from the plane of the earth, that ta 80 yojanas further 
away than the sun. It enters into conjunction with the sun 1830 — 1788^2 
times and completes 67 sidereal revolutions in the five years. 

The ecliptic is divided (as already explained) into ™ sivaijU day spaces or 

* * muhurta spaces and consequently the sun moves through 68+A +^v^ 
muhflrta spaces in one synodic month.* 

The positions of successive solstices are given in titbis as in the Jyidisha 
Vtdaiga. Since iSQ^modSO the successive solstices will occur on the 1st, 
7th, 13th, t9th, 25tb tithia. 

It is just mentioned—DO details being given—that the plan'^ts travd 
faster than the sun and the stars, and the stars faster than the nakshatras. 
Tbibaut. says* that the latter statement is entirely indefensible and that, no 
reason leading to it can well be imagined; but there b a possible explanation, 
namely that the nakshatras were considered aa a scale fixed with referenos to 
the equinoxes, exactly in the same manner as the zodiac is now considered , 
and that the stars processed with reference to the equinoxes. 

* Fair a nrinl «t tSif uUn wc S. JDs WoiCiS S S^dgtt €i Pittadiaa B, p. W (Ziul tditiee). 

* la 82 ijiiodH tb« niD inven** tlw •hole tolipUi S tiolN nod A wt A cf MST/ratSt.^ 

+ iatK«»‘ 

* JSSB, laSO. |i. 188. 
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CHAPTER V. 

Special topics. 

25. In the pnarent chapter it is proposed to collect and arrange the material 
fdating to the several special questions that have arisen. This will lead to a 
certain amount oi overlapping, which, however, cannot well be avoided, and 

is not altogether objectionable. , 

The topica of particular interest that wUS be discussed ate (o) the ecliptic 
scale of 27 or 28 uakshatras, ( 6 ) stars and constellations proper, (c} the ^ear, 
cycles, equinozes, solstices, (rf) precession, (e) the roontbs and seaaona, (/) the 
planets, particularly with reference to their late appearance in Hmdu work^ 
( 9 ) the demons of edipaes—Kihu and Ketu, (A) the planetary week days, (t) 
heliacal risings and settings of stars, (j) the cycle of Jupiter, (i) Mount Mem. 
Of these topics some g, A. 1 , j) perhaps do not strictly belong to early 
period (A) of Hindu astronomy, although certain writers include them into that 
period. This section therefore forms a sort of connecting link between the 

periods we have designated A and B (§ 8). 

26. Nakshatras. — ^The early records appear to mdicate that the ecliptic 

was roughly plotted out, in a manner analogous to the western aodiac, into 27 
or 28 groups of stars called nakahatras. These have sometimes been termed 
' I nnar asterisiufl ’ or ‘lunar mansioDa,’ and, althongh the term nakahatfa does 
not itself suggest this connezion, the Black Yajvr Veda (KS^ li, 3 and TS ii, 3. 
5 ) and the Slahdbhdraia (ix, 35 **) state that the nakshatraa were wedded to 
Soma. The Rig-Veda gives no complete list of the nakshatraa but it mentions 
three probable asterisms — ^Tishya (v, 54” ; x, 64*), Agbhs and Arjuni (x, 85) , 
and it has been suggested that there is a reference to the 27 nakshatrss m 
i, 162 '*. lists are given in the Alharva Veda (six, 7), the Taitdnga Samhiti 
(iv 4 , 10 ), the Saihhitd {xxxix, 13), the Maiirdgaiii £{)ijiAttd (ii, 13®*), the 

Satapaiha Brahnatta (x, fi, 4 *), etc., etc. The lists agree generally but the 
number of nskshatris is variously given as 27 and 26^ The Aiharva Veda and 
Affli<™yat<iya Sathhiia lists have 28. while the TaiUitiya SaMUd and the 
^apaiha BrdAntopa, etc,, give 27, Of the more modem texts the Jyotisha 
VeddAga and the 5urya SiddhdfOa (ii, 64) imply 27, while the SuTtfaf/fajnapti, 
the Bfdhmetsphtipisiddhanta and the SUfya Siddhdnta (viii, H.) imply 28. Whether 
27 or 28 was the original number is uncertain. Abhijit is the extra nakahatra 
and there is a legend that it dropped out (MB iii, 230”) although the TaiUiHga 
Brahmava (i, 6 , 2 *) marks it as a nsw-comer. The numbers 27 aud 28 suggest 
a conneiion with the ridcreol month, but in the early texts the only month 
referred to is one of 30 days and even in the later works the qmodical month 
is divided into 30 tithis. The Arabic MunSxil and the Chinese Sieou consist 
of 28 asterianis and the Chaldean scheme has the same niunbet ; and the con- 
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not yet bwa cousidered* but it la imthtir Attractive. In Greek ftstronomy the zodiac 
DAmeii^ preAurnablyi did originally leler to particular constellationfl, but later 
they were used as a meamire of the ecliptic (reckouiug from the verxml equinox). 
Owing to the precaaiiou of the equinoxee the names of the aigua no longer 
have any real connexion with the conatellfttione t Aries oocnpiea the W degrees 
of the ecliptic cast of the vernal equinox. Taums the next 30 d^reefir a^^d 
so on.* There ii other weighty evidence in snpport ot the " riiding scale 
bypKitheria. For example (o) According to the Jfetopa^fc^ firdAiwnna (h^ I* 2*) 
Krittikft never moves Irum the eaat^ i.e** it marked the junction of the ecliptic 
ami equator quite independently of any constellation, (i) the SmyapraiAafi% 
tells us that the stars move faster than the nakshatraa, (c) the Por&^ae alt 
record that the constellation of the aeven l^ishifl gradually revolves through 
the nabshatrut 

The early lists of the nakahatras all bt^n with Krittikft^ which^ if equiva¬ 
lent to the Pleiades, marked the vernal equinox about 2300 B-C. The J^Uka 
Trrfdrija puts Sravishtbil first, while the MofeltWroCfl substitutes Sravapa, the 
Sffnja Siddhdfita gives A&vujli first while the SUrjfaprajnapii begina with Abhijit* 
These form two groups—^KTittiki to Aivt^I and Sraviahthfi to Abhijit* separated 
hy nbout one quarter ot the ecliptic (see the list in appendix iii). 

The change from Krittiki to Aivi(it seems at first to be an astronomical 
one inspired by a knowledge of the effects of precession, but there are grave 
olnijfiuons to this explanation (see § SI) and Tdak and Fleet suggest that the 
origina! order was either a rilualiatic or an astrological order. According to 
J TUak it is stated by Garga that Krittiki was first for purpose of ritual and 
that for the calendar JSravishthji was first * while Fleet in one of hie latest 
papersj wrote—hope to revert to this matter in a paper in which 1 shall 
show that the Krittik&di list has no basis in the fact that the sun onc^ came 

to the vernal equinox in Kfittik^, but belongs entirely to ritual and astrology,” 

Another possible explanation lies in the various practiose in different parts 
d India regarding the commencement of the year (see | 32). 

^ StAttS AKU COKBTEli^TlONS. 

27. It is very noticeable that the nakshatra names in the early works are 
nowhere definitely cannected with pwticulat stars or constellationa. It ia only 
in comparatively very modem texts that such a connexion is given and even 
in quite modem timea the identifications are often doubtful, Albirfini said 

that he could find no Hindu astronomer to idendiy them ail, and bo did Sir 
Willtam Jones and H, T. CeJebrooka. Of stars and consteUatiom actually or 
probably mentioned aa snob the following is a fairly complete list- 

*Tb* Hifidoa It mMj Hated* otaikt a fartScr &bat»cikfi rtiU Mid eorpkj 1^ Im Arite te dfwt* dat^ m 
U SC Tmrwm te SO nod h sh- 

t Hut Mtohatf* m la Ite l^iai S teii ii i (LVHL lOS) mamH ha te ika ooeitellmtlw^ 

U W pfoInjUj bwd dpM tb* XAla FarBite{BJ I* itmeadAB %w« maAm op si tH tbi of iha wUm. 

I jaia IIIS^ p- am Dt. j. f, ^ Uid tshtAanbip aa eutof ol » w tadiMod, dl«d 

la fabrnwy ISIT. Jl k 14 bt boptd ll)4i bis hm issdi snUabl*. ihbHfb ^ wvld bvdljr ***"TTr*W tbs 

dHirv fuf u tetfOtteaM #mplauU« oi Ibt Erttteisdl Bsl. 
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Dhbuya, the Fate St&f, eppeen Ute.^ Jecabi identifiee it with * Dreconu 
end thinks it wu MfLoally observed sbout 2780 B.C. The UsitrftysQSrbitluns^i 
Upuii&had speaks of ‘ the mcrvii^ of DhrOYS ’ as mcocioeivable. 

Tsi Sbtjck ve iisaal )7 identified with Una Major. Thej were 

the husbands of the seven Erittik&e and thej rose in the north. The Purftpee 
relate, and it la repeated b^ Vartba Mihiia (BS xiii), that the seven |li>his 
wen in Mag hfi 2530 years before the. Saka era, and that they remain in eaeh 
. asterism 100 years. The names of the seren Bights are given in BS. zuJ but 
appear to have no astronotnical significance, 

Tbb KnirTtaAs are generally identified with the Pleiades. They are usually 
seven and are the wives of the seven Biohis- Their names are* AmbA {* a 
motherDali, Nitatni, Abhrayanti (' forming doods *), Meghayantt (' making 
doody *), Vaiahayanti (' causing nin ’}. The rain producing fonction appears 
to have been rejected later by Variha Blihira, B3 zxi, 5). The Kfitukie 
uo mid to ziae in the east and not to move from the eastem <]iiart«r.* 

Roro^l* ia identified with Aldebaran, (■ Tauh), but the term means ' red 
and is also applied to the nakshatn Jyesbthi. Prajfpati (Orionj pursued his 
• daughter (Bohipi) and was ^ot by M|iga Vyadha (Sirius) with the aziow (Ishu 
Ttikinda=Orioa's.belt). The myth was, in the Greek fasMon, put into a star pictore' 
According to western l^end Orion was a hunter, who, with hia dog Sirius, pursued the 
Pleiades, or was pumied by the bear and killed by the scorpion. Another Bohinl myth, 
where she is the favourite wife of the moon, is given in MB. ix. 85. This oeeias to be 
the basia of chapter xxiv of the BfUud Sailthitd. (See alto appendix iL) 

MgiOA.—Mfiga denotes ' animal * and in the Bohitil legend ia identified with 
PrajKpati and the legend ia obviously connected with the Greek story abont 
Orion. Tilak however, makes a specif cooat^adon of Mjiga condsUng of (aa 
far hU description is understood) 8 , k, ti, ■ and 8 Ononis. 

MtBQATYkDHA, ' the hontcr is Sirius in the Rohtnf legend. 

DrvYA Stan, ' the divine dog may in AV. vi. 80 denote Sirius, 

The three ElLAX^ali^rAS are mentioned only in the same paasago with Divya 
Svan (AV. vi. 80) and may refer to C, ■, 8 Orionis. 

Tishya may refer to a etar or coost^tion. There are two InteirtettQg 
references in the TUg-Veda: The first speaka of Tishya vanishing from the sky: 
the aecond enume»t«a with Tishya 21 riven, fioodv moontains Agni, Krbhlnu and 
Budia—28 items in all. Fleet identifies 'Hshya with Prnsepe, others suggest Sirius. 

AavNDiUTl is an unidentified star often referred to in Sfitra literatura. TnuiAzn 
aa a constellation shines ' head downward ' hnt ia also unidentified.** _ 

* AG3.i, t" ( lGB.1. 1T> j Lfe iil. »* j MBLM. 4 i 

* RX.1. Sa* I AV-Fi 40* i 8E.|i, 1, *•, 8 d ili. M* I MB'T, 110 * SB.U, I, t‘J ifc 

•XS-iw.4.S‘tTB <yi*U»nn4Hhieiarth*>lM»*htiMhwvHirAw*tw«|iH" Itr. 

• finti. I. S*. *>'a n t teb. L i*. 

'mu. ^; uB-w. aa 1 E.i, 1 1 ta lu iiii n.tii, 4« < by, n, «i«. i BS-xxrv. 

• ^wLw, ja*. * o as. 

•• AB-U. t •‘V 

JBAS. 1911. p. SIS r 1 pit alw TB-IU. I. 1*. 

II LX a Sttotpd It Tn^kv'4 mailsnM. Stt VP.W, S, tu. tBt ' I retSw GThi ' bat Imp 

imsiwud. 
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Of later works the SHrya Siddhania inentiaiiH only seven stais besides the nakahatras, 
namely Brahnishrldaya (a Anrigw), Agni or Hutabhuj (p Tauri) PraiSpati or Brahma (S 
Aurigffilt MpgavySdha or Lubdhaka (Sirius), Agastya (Canopus), Apas (^ VltgjmH) and 
Aparuvasts (3 Virginia). 

28. The year. —The only year dearly referred to in the Blg-Veda b one 
of 360 days and 12 months. Attempts have been made to discover references 
to years of other lengths but not with saccess. Neither is any <7^do definitely 
mentioned.^ There is, however, i* * reference to a thirteenth month of 30 days in the 
Atliarva Veda and in the BrShmavias a thirteenth month of 35 or 36 days is men¬ 
tioned, In the MahabhSroU is a bare mention of a S-year cycle, which remained in use 
until A.D, 80 and, posdbly, to a condderably later period. By A.D. 505 larger 
evdes had come into use, and finally the cycle of 4,320,000 was permanently 
adopted. The following table summarises the main facta 

.. 360 ami moatbi. A possible iteferetife tv a 
tbirteentli month, 
i A tbirleefitli montJi of 30 (i&ya, 

* A thbrteeath month of S3 dnys^ And one of 36 days. 
. A 5-yeftf cycle w mentioaed, 

" A 5-yeir cycle of 1830 days. 

» A cycle of 2,850 years, or IpD4Q:,59iS daya; which 
reduces to 19 years and 6,939 days. (C/. the Metoaic 
^cle of 19 years nod 6,940 days). 

. A cycle of 180,000 y ws or 65J46,575 days. 

- A cycle of l^OSO^OOD yeaia or 394^479,457 days* 

. A cycle of 4.320,000 yearn, or 1,577.917,820 days.® 


Rig-Vedi » . * . < 

Atharvaveda » . - . ■ 

liTahiiiatiaa , . . . . 

Unhabharata . « * - 

Jyotitdia VediAga^ Paltimafia Shd-dh, 
SOrvapraj aapti., Kautilya'^a Afth&sestm 
Rouiaka Stduhanta » . « # 

Suiya Siddhinta i. (circa AJJ. 300) * 
Surya .^iddhinta ii (cicca A.D* 3000) 
Ditto ditto 


29. iloNTBS Seasons.—W e have two seta of iiamee for the months^ 

neither of which is very early— 


koDtba 


tjfja 

, KarttJkft {October-November} 

Sahn 

» Marga^ireha (Nwember-Decenabef) 

Sahara , 

. Paiiflba (December-Jannary) . 

Tapa 

« Magba (Jannafy-Febmaiy) 

Tapa^a 

* Fbalgona (Fcbraary-Mamh} , 

M^hn . 

. Cbaitra (March-April) , 

Madhava 

. Yat4ibba (Apol-May) , # 

Sukra « 

- Jyeisbtha (J^y-June) * 

^nchi 

. Xshadha (Jime-Jtily) 

Nabha . 

p ^ravana (Joly-Angtiat) . 


p Bhadiapada (Aogost-I^pteiiiber) 

iBhM^ . 

. Aivina i(3epbember-OctobeT) « 


ficiwDi. _ 

^and (Autumif}. 

^ Hemauta (Wtntfir). 

^ ^i&r* (Dewy Bcason). 

I Vasanta (Spring), 

j" Grtahina (SiunniCT), 
^ Vamha (Bahie). 

. ^srad (ADtUMU). 


* Weber italee Out ^ the euiieat iJliuJea ta the qninqnumlaJ yti^ outsm in tli« ^ik iOkM, I, 2&\** 

c/ i'iiiiaa p. 111). Tbe (wwi^ in %De«tum iiHe, wba mepting tlu litee, kuawi tho iwdre moatbi 

mod tlwit pRidilirtijdnt and t|ut wbkh la pfodtmd m additifm-'' At tkiB beet Webtic's itateineiiL ip ^ doabtful 
djBdoatkra; bat mm iL ShamMmtcjV tv which nfetriitio ii^iudc in j 32. 

* See alfp ili* 4+ * Crja and lila are. ipon or Um, aym^tmaoA. 
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The first list, which is poasibly the older, is obviously not a. list of twelve 
.nonths but of ^ seasons adapted. The second method of naming is only 
beginning to be used in the Br&hmanas but is regularly employed in the Maha- 
bhdrata. It cousiRts of the names of twelve of the nakshatras and it is usually 
explained that the month was originally named after the nakahatra anth which 
the moor) ivas in eonjuaction at the end of the parvan, or half month (S 8 . 
xiv).^ In the earlier period the 8 ea.<)ons appear to have been three in numberi 
and later grew to five or tax ; and even seven are mentioned (AV, vi. hi ; 
§B. vii. 5 - 1 ,'etc.) in the post-Vedio times six was the number generally 
accepted. 

30. Solstices and eqcikoxes.—I n the Rig Veda (X. 2' ; X. 08^^) the " way 
of the fathers' (FiffiyaMa) is mentioned in contradistinction with the ' way of 
the gods* * (ftewyana) ; and in the /StOapatha Brahmand (Li. 1 , 3) w*e read — The 
spring, the summer and the rains—these seasons the gods; and the autunm, 
the winter and the dewy season represent the fathers. . . .Xow when he (the 
sun) moves northwards, then he is among the gods, then he guards the gods ; 
and when he moves southwards then be is among the fathers, then he guarils 
the fathers.” Tilak concluded^ that the Piffiydno and Devaydna of the eacliet 
texts might be equated with the Dakshimyam and Vttardyana of the later 
texts; s nil that the UUardyana or 'northern progress' began with the vernal 
equinox. But the astronomical conception of the two portions of the sun’s 
path is comparatively late and the orthodox view certainly was that the solstices 
divided the two portions—-the ^diardyana or ' progress northwards' and the 
(foibtAtttdyofla or ' progress southwards.' The Pd^k<iwidfid.iUikd says (iii. 25) 
" The northern progress of the sun begins with the first point of Capricorn,” 
and this is the natural interpretation of the term utlardyana. 

The term for equinox used iu modem works is utahuvat, which may be 

rendered ' point of equal separation.’ Although Haug translates the term, 
dfi^urat by ' equator ’ he la possibly wrong ;* for the term, as an astronomical 
one docs not appear in Hindu works before the Greek period. Indeed, w-ith 

an astronomical meaning, the equinoxes, even for the later Hindu astronomers 
denoted only the time when days and nights were equal. The idea of 

the equinoxes marking the mteiaectiou of the ecliptic and equator is not 

explicitly referred to; and the notion of a celestial equator is nowhere dearly 
exhibited. 

In the Jyotitha Ve^nga the rules for calculating the positions and times 
of occurrence of the sdtices state that they recur In order on the Ist^ 7th. 

1 3th, 19tb, and 25th lunar day and that the nakshatras in which the morn 
will be at successive solstices are the ISth, Ifth, 3rd, 22ad, I4th, dth. 25th 
17th, and flth; and these results are based upon an interval of 183 days between 
successive solstices. 

■ It ii tli^t tbo KukobAtru wm ^fteT tbe moetbj* 

* p. 24. 
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31. FREC'EsstOK-^Observation oE the change in the positions of the equinoxes 
or Bolstices relative to the fixed etara requires a series of fairly accurate records 
spread over a considerable period of time. It implies a fatriy accurate know¬ 
ledge of the length of the year and eventually it leads to the difiereutiation 
between the tropical and sidereal year. The actual amount of the precession 
in longitude is about 50'26 secronds of arc a yearj or, put in another way, the 

difference between the sidereal and tropical year is a little over 20 minutes 

of time; and the first requirement for its observation is that the length of 

the year must be known with an accuracy of the same order ft.e., the error 

in the length of the year should be less tlian 20 minutes). Hipparcbua’ value 
of the length of the year was only a tittle over 0 minutes too long, but the 
Hindu year, before the advent of Greek teaching, waa over 17 hours too long, 
and it was therefore practicalty impossible for them to note the preceasion 
o£ the equinoxes. Further, the positions of the solstices (and equinoxes) were, 
according to their calculations, even more erroneous than their length of the 
year; and they, apparently, neither recorded nor observed the positions of 
any star writh 'any exactitude, and even In luodern times they did not differen¬ 
tiate clearly between the tropical and sidereal year. 

Such considerations seem to preclude any possibility of a knowledge of 
preceasion by the early Hindu astrouomere; and, it may be added, that If 
they had such knowledge, they apparently thought it of altogether subordinate 
interest and importance. 

But there is a type of astronomical record altogether different from tliat 
ws have been considering, the type that is not a record of direct obsen’ation 
OK calculation, but Is rather a reflectioa or echo of teaching in other countries 
or in earlier times. The discovery of precesaion has generally been attributed 
to Hipparchus (circa 130 B.C.), but the opinion now seems common that the 
Babylonians had a clear conception of it long before his time. According to 
Jeremiaa^ the Babylonians calendar was periodically rearranged with reference 
to the position of the vernal equinox. The ages of the Twine, the Bull and 
the Ram thus corresponded with the vernal equinox in those cotistellatioas. 
If this is the correct interpictation of the evidence (1 doubt it) then we should 
not be surprised to find some ceffection of the same phenomena in Hindu works, 
A list of refcTcaces to passages that might bear some such interpretation is 
ghreu below 32). In that list are three columns referring to (A) the solstices 
or equinoxes, (B) the nakahatras, and (C!) the fixed stars. In the early cases 
(a to /) the solstice or equinox is nowhere defined, and in most of these cases 
the equation of A with B is quite illegitiinatc; neither is the equation of B 
with C certain in any case, and it is even possible that the nskahatra scale 
had really no definite reference to particular fixed stare. The equations of 

t EltB t Bat TjUrntry thE>a;^t ttiat the CtiAldvicui kDOHrl^sJi^ ncitbchf M tht eropiciii yttl nor of 
tike tkm^WiOD e»f %h§ equiitoxH. *Ihi Uj ihlhk that llie torly Eiib>^bDUJi.if WMr ehh with 

{An^anMiui3i^fimt34, p. \06}. Il maj Aha be noted that prretMida wu nied by PtocIlu wbo 

» tbo Chatrl»EuiK thE E;^tLADa and tho {[odf ui iuppCKrt of hit rirw- LECl„tSC^ 

pp. 34, 115, ^74. 
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A, B and C therefore become a matter of extreme doubt and the chances oi 
a correct concluaon being achieved by such equations infinitesimally small. 

In the examples A to m the eolstices are definitely refetied to but in these 
particular cases the year employed is far too inaccurate to permit of deductions 
regarding precesaioo, and the solstices arc given as 183 days apart, and the only 
records of this period of star poaitioiis are also far too inaccurate to be of 
u&e loi this purpose^ 

N^vertbcl&iiS there appear to be nnmifitiftkabie iDditations ot sflme know - 
ledge of precession. This knowledge may have been vague—it certainly did not 
affect in any way the astronomical achemes devised—and it is possjhle ihat 
the evidence is merely a shadowy reference to a poSut of exotic teaching that 
was not fuUy comprehended. The evidence is of different types, 

(o) The five*yeac cycle is said to begin with the winter solstice 
in SravLsLtba or Abhijit or the summer solstice in Punarvasa. (See 
§ 23 ). 

(A) In the StiryfJprfljfHijrfi the planets are said to travel faster than the 
stoiH and the stats faster than the nakshatras. (See § 24). 

(c) According to the usual interpreUtion the Purftnas tell us that the 
Great Bear revolves among the nakehatraa, the time of a complete 
rcTolution being 2.700 years. (See § 22). 

In spite of the general vagueness and certain inconaistencies there aeems 
to be some evidence of a knowledge of preceaaion, but this was hopelessly masked 
by the extremely inaccurate length of the year and the crude methods of fixing 

the solstices. 

The subject of preceasJou will be again referred to wheu dealing with the 
mote modem texts. ^ 

Vedic cubokolocv. 

32 . This section is headedi ‘ Vedic chronology ’ because it exliibits briefly 
a number of arguments that have been employed to fix the chronoiogj of the 
earliest Hiudu works. There are many dangers for those who seek to fix a ^ 
chronology by means of references to astronomical phenomena unless those 
references ore explicit and tree from all ambiguity. In moat of the cases cited 
below, which have already been referred to under the closely connected topic 
of preces^on, there ate elements of three types which may be markea A, B 
and C. The first of these (A) refers to, or is supposed to refer to, a defimre 
point in the sun’s path, generally either a solstice or equinox, the second (B) 
refers to some particular nakahatra, and the third (C) equates the naksbatra 
with a particular star or constellation or a particular (fixed) position of the 
ecliptic. In all the very earl} cases A is not actually given by the text in 
question and in none of the cases is the equation of B with C definite. To 
determine A it Is further often assumed that the year commenred at one of 
the equinoxes or solstices. The preeent practice in India varies cotiBidcrably 


I fiee S a£. •!» my p«jxF 
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with the locality: there are many aysteme in vogue and the year begina at 
many polnta. Albirflni noticed thia and mentions {il 8 ) the months ChaitnU 
Bhi^pada, Klrttika, MargaSrsha as marking the commencement oi the year 
in different parts of India; and the practice at the present time is similar bat 
rather more various. .Again ii it were recorded thet a solstice or equinoa (A) 
were marked by a certain star (B), then, owing to the pteceaaion of (A), the 
combination (AB) would enable os to deduce an approximate date^ if both 
fA) and (B) were imambiguous. Suppose now another more or Lees independent 
record gave one or both of the dements (oA) and a third one {« and bo 
™ : then it is obviooB that (Ab), (A (aB). etc., are more or less 
combinations, from which no legitimate deductions may be made. These remarks 
apply to all of the cases cited except numbers lii and xiii which, however, 
also are based upon preceaaion. The last case is of different type altogether^ 
relatii^ to an eclipee of the sun. 

With these preliniinaiy cantions the following arguments, that have been 
employed to fix the chronol<^ of the early Indian texts, are exhibited in a 
^Ddf^nAed forme 

/*) The early Lists of the nahahatras all with KritdkA and possibly 

this corresponded with the beguming of the year, and possibly 
the year b^an at the vernal equinox: and the vernal equinox 
was marked by the Pleiades about 2300 B.C. 

(IV Jacobi holds that the‘frog hymn’ (RV* vii, 103) bdicates that the 
year began at the summer sdstice, and that the sun was then 
in Pbalguni; and the date when the eummec solstice occurred 
in the constdlation usuaUy identified with Phalgnai was approxi¬ 
mately 4600 B.C. 

(«i) Another text (TS, 'vii, 4) says—* The mouth of the year is the 
Phalguni full moon.’ Assume that this marked the winter solstice 
and the date arrived at is about 4000 B.C. 

(w) The ssme passage indicates that the full moon in Chitia may mark 
the beginniiig of the year and by a similar process of reasoning 
the date arrived at (for the winter solstice) is about 6000 B.C. 

(e) The. oonteit of the same passage has also been interpreted to indi- 
Mte a year beginniiig at the winter solstice with the full moon 
in HaghS and the date arrived at is 2360 B.C. 

(oi) The Vedd^ga makes what is possibly the earliest definite 

statement connectiiig the year with the nakshatias. The winter 
■dstke is Baid to be marked by Sravishthi, and, Smvish|hll 
is to be identified with < and (1 DeLphini, this occurred about 
1400 B.C. 

(tii) The MaWASrata (L 71) appears to mark the winter Bolstioe by 
Sravapa and if this naksbatia is to be identified with a Aquila 
the date Is approximately, B.C. 200. 

nlenwiM (M Om UHt btlqr, pp. SI 
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(Wit) The Faitamaka Siddhdfita gives us the earliest definite date» namely 
80;i and makes the jeer begiai with the sun in SravishfliA; 
and, if Sravishthfi is to be identified with a andi ^ Delphini, 
this would make the year begin about twenty days after the winter 
solstice^ This is in aceordanee with the known practice and la 
an indication that earlier texts may possibly cany the same meaning. 
(tJf) The SuryapTGjwjiti makes the cycle begin with the winter solstice 
in Abhijit ; and> if Abhijit is to be iden^ed with « Lyme, this 
occuned about A.D. 8B0. 

(z) Since another name for Miigaiirsha is Agrah^janap which means 
• belonging to the commencement of the year ; * and since, according 
to TiLak, this is to be equated with the autumnal equinox, the 
date 4000 B-C- is once mote achieved. 

(zj) Tilak sees in RY. i* 106 a reference to the heliacal rising of Sirius 
at the vemal equinox, which takes m back to about 4500 BhC. 
(zii) The nakshatra Kfittlka is said not to ‘ move away from the eastern 
quarter, while the other asteiisma do move from the eastern 
quarter’ (SB. 11. i, 2*^). Dikahit thinks that this tB,eaiLB that 

Kpttik& was on th« equator and tMs * oonclusiveljr abowa that 
the age of the Brfthmanas, or more proper^, of that portion ia 
which the passage oceurs is about B.C. 3000>* But maj it isot 
mean that Kfittik& (like Aries) is the first division of the ecliptic 
and that the first point of K|ittikfi always marks the equinox? 

In MBU i. 4 ia a supposed reference to the movement of the polo 
star. The Hinda name for the pole star ia dArvon (fixed) and 
Jacobi argues that this term could OD^ have been applied to 
a Diaconis; and atnce a Braconis was approximately at the pole 
of the equator at about ^00 B-C. the leferencea to Dhruva must 
have originated about that time. 

(ziu) Ludwig attempts to identify an eclipse referred to in the Big Veda 
with one that actually took place in 1029 B.C« 

These cases are shown in a somewhat dif ereot way in the following table ‘— 


A 

Too* oI yw- 

B 

Suppnwd poai^ 
tkm of toa 
mmsktd by 

C 

RepmefittUrv 
lUi cl B. 

liOiigitads 
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A 

Tvtam oi 

B 

SuppONd poii^ 
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This section may oe eppropriaieij ---- **<*!,„♦ 

Mr B. G. Tilak and 3Ic. B. Shamaaastiy," 1 tried to uliow, mites Tdak. that 
....the astronomical statements found in the Vedic literature suppUed us mth 
far more reliable data tor correctly ascertaining the ages of the different penod, 
01 Vcdio literature. These astronomical statemeuta, it was further shown u^a- 
takablv pointed out that the venial equinox was m the coustdlatjon ^8® 
nr Oriou fabout 4500 B*C.) during the period of the Vedic hyn^, and that 
it had receded to the constellation of the Kfittikas, or the Pleiades (about 
„5W) B.C.1 in the days of the BrshmanaB. Naturally enough these results were, 
It first, received by scholara in a sceptical spirit. But my position was atrength- 
envd wheu it was found that Dr. Jacobi, of Bonn, had independently arrived 
ar tin same conclusion, and soon alter scholars like Prof. Bloomfield, M. Barth, 
the late Dr. Biihler and others more or less Ireely acknowledged the force of 
my arguments. Dr. Thibaut, the late Dr. ^Vhitney and a lew oth^ were, 
however, of opinion that the evidence adduced by me was not conclusive. But 
the subsequent discovery, by my tnend the late Mr. S. B, Dwit, OJ a passage 
in the Sbatapatha Brlthmaua, plainly stating that the Kiittikis never swerved- 


* TJk jlrttw hm* it fA? Fwfin. p- i. 
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io those days, from the dus east, U., the vernal equinoi, has aen-'ed to dispel 
all lingering doabta regarding the age of the BrShmaittaa; while another Indian 
astronomer, Mr. V. tJ, Ketkar...haa mathematically worked out the statement 
in the Taittiriya BrShmana (iii, 1, 5), that B^ihaspatl, or the planet Jupiter, was first 
discovered when confronting or nearly occulting the star Tbhya, and shewn that the. 
observation was possible oidy at about 4650 B.C. thereby remarkably confirming 
my estimate of the oldest period of Vedic literature. After this, the high antiquity 
■of the oldest Vedic period may, 1 think, be now taken as fairly established,*” 

Another spcc^ation of a somewhat similar type is exhibited in the late 
Mr. R. Shap'asaatry's tfainiH Ayatta —an Exfomtion'\pf a /orjoffen sacri^cial 
CalendaT. 1 do not follow altogether ilr. Shamasastry’s argumentation and 
therefore give his own summary. Ho writes^” The ao-called ' Gavini AjanOv 
or ‘Cow’s Walk’...is a sacrificial era of inteTcalaty days in terms of which 
the Vedic poets counted their years. As Prajapati is one of the moat important 
names of this inteMalaty day, the starting point of this era in 31OJ B.C. must 
necessarily mean the creation of PrajSpati, whom later commentatora seem te 
have mistaken for the world’s creator himself, the son of Vishnu. Apart from 
keeping an account of the days reckoned from this starting point of their era, 
-they alflo counted the intercalary days by means of formulas or of seta of 
syllables of special Vedic hymns, which they compiled and recited on each of their 
recurring sacrificial days. Side by aide with this sacrificial era, there existed a vulgar 
era, the Kali era, in which the common people counted their years sertafim in contrast 
with the priestly method in counting the years in terma of yugas or cycles of 

four years each_When the total number of these cycle* or cyclic liays amounted 

to 400 or 465. corresponding to 18*0 or 1S66 years, this era together with its 
cyclic sacrifices came to an end, leaving the vulgar era alone to continue.” 

The rx-AMETS, 

33 . The fact that the Vedic hymns were largely inspired by celestial ob¬ 
jects would dispose one to believe that the Vedic seers W'ere familiar with all 
the more striking astrouomical phenomena; but, as far as the evidence goes, 
we are almost compelled to believe that the planetar)* motions were considered 
unimportant : at any rate they were not recorded os phenomena of special 
agnificance.‘ As already pointed out (§ 16) the mention of the number five, 
or seven ia the principal basis for the suggestion of planet*. 

• Tlw reidrr tbwild bear In minU oJ th« mthoritlea reftlTTwl to Iqf Sir- Til^k, WhlUMy ud Tbibfeut 

by (artlifl Uiwt i:innp(>lrilt (O jod^e ;'«nd lUt the VDtwqtIcnt' dUeov^ry ' by D«it hj nonnv oluiolui the mUtOT, 

(tec I Si, xiitaad that tfaeCAlculsnow of Ur. Kelkw. howevia actorate they tnaj be, life of litUi TtJtt* M «fl4eDM. 

^ jrtge if". 

11 do Bol hold lie ojiiikloD ti*t the Hindttt (ltd notob«rte tnd dtitingniUi thete^eirsl lugs ffuotc in ettdy 
timet— it it ineooeowtyt; hut I do oouider thml nime of the Vedi® ptciHgef to Ur cited it priren to be t reooid 
of mch ohierreiiuD. Ceruin putaget in the JdUfau, the SfoMtAdrot^i tod the SSmSyn^n Unply « knovledgc of 
Hie pluufte thet mi^t T«ty well be of an eiiriy dtte, but mnitMjO of the pUileU tbotdd be tontfldted with cue. 
An imerestii^ exemple oconra in the .flio c^yann XIAuim 5fii™ (h. S. HO), where the nine pltneta, indadiw: Mho 
end Kelo. ue Bjcniioned. itul in the etoie jrJhttidihil twol*usf tathom uc tiwiied(1)wd liuhlnr etronRly CHttloD* 
Hi u to tbeiRnuineneatd thii ponkm of the teit, (fSevertiu-Ieu# in the /mfutn .dMl*fW(r> ol 131B (]i. 11?) we 
, biul ttue T«y Munplc reierfWl to U oompietely nnthartUUef. end Mhltr'i vuvioe eompletely ignOicd 1 
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The more important Vedic paaeages that have been cited as r^ords ot 
the planete are as, fallows'— 

Seven the quarters of the world with different euns, seven the minii’ 
trsnt priests, seven ace the divine Adityas. With these, 0 Soma, 
guard ua.” (RV ix, 114>) 

" Maj'tbe five bulla who abide in the centre of the expanded heavens, 

having together conveyed my prayers quickly to the gods, return.” 
(RV i, lOS'*), 

" Seven sages with five ministering priests (adAtsswyus) attend the station 
that is prepared for the rapid (Agm)." (RV iii, ?’). 

Bfifiaspati, when first being born from a great light or brightness in 
the highest heaven, seven-mouthed, of a powerful nature, seven- 
rayed, with a deep sound, blew away the darkness.” (BV iv, 50*). 

The cloud-bom Vena sends the water from the firmament; the back 
of the azure (sky) is beheld He shone on the auiutnit of the 
water in the heaven.” (RV x, 123*). 

The other Vedas, the Brahmanas, the Upanishads, and even Mauu, record 
nothing about the planets that can be grasped. The MahalJtdrat<i mentions 
them by name,* and the aUudes to individual planets on several 

occasions.* while the Fiir&nas hint at *a planetaiy cult; but tittle, definitely 
astronomical, relating to the planets occurs in any of these works, e.'ceept per¬ 
haps the Furfinas. The earlier formal astronomical texta, such aa the JyotUha 
VedSUga, make no reference to the planets; but, of course, this purely nega¬ 
tive evidence does not exclude the possibility of some knowledge and investi¬ 
gation of them from the astronomical pmnb of view. In the Fd/toreiitpa- 
smfiti (/ dth century A.D.) certain ritualistic details relating to the worship 
of the planets are given, and about the same period the motions of the planets 
began to be studied scientifically. 

The order in which the planets are placed in the later Hindu w'orks is 
a matter of some interest. There may be said to be two typefi of sequence 
(a) the natural order or order of their distance from the earth, (&) astrological 
orders. Of the former there are two examples—the slightly incorrect order of 
the earlier Greeks (Plato, Aristotle, Eratosthenes, etc.), who placed Venus nearer 
to the earth than Mercury ; and the correct order which came into use about 
the time of Hipparchus. Of the astrological orders there are several. Of 
these the week-day order is the best known; and there is the domiciliary 
order, and the several orders of ‘ terms' or ‘ linuta,’ In the great majority 

t aillcbruidt tbislu tlui A.\m are iho fire pU&tU. OZdenlm^ tliat th^ Adilju COrmpopd 

to tJie «eT€a pLiAtta Sm af-pcpdix 1; ■!» H. OLDUTBJtKo £>t§ ilej 1S5 L | Q. ^'BuOeb in 

SEE 

Tik^ eqtiftto Vena viOi {Orimi p. tfi£ hut thit if net ^eoenLly 

TMbaut that tbe pjaul Jupiter na nfmmd to under the naine BriKupati hi thja texti, wt 

thit aoUDQ hai Roeatlf bnu irvviVMl Fieri Irpt cwtroreftcd hj iL Keith. Sr JMAM L^ll ppi &J4 f. 
TM f. and f. FlRt quotn tht fclbwiag in nipf^rt of hii rkvi t Bribupati, when first heiug Ikoim, eania 
lain «ver agamfft tbe nakahatn Tkbjm-’' (TB lU, i^Jw 

ii. IIK 

» R U, 4; ii, is ; ii, I i4 lOa f iHp 44 ; Iii, 49 j Tip 4 ; ri« M; tI, 143 ; etA appeodix iU 
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cf cases the Hindus, although they were aware of the correct order, place 
the planets in the week-day order, Albirum asyn fi. 12o): It is the custom 

of the Hindus to enumerate the planets in the order of the week-days. They 
will persisb in using it in their astronomical hand books, as well as in other 
books, and they decline to use any other order, though it be much more 
correct.” They also enumerate them in the domidJkzy order and the order 
Ct the limits or terms with reference to Pisces and Aries. 

These orders are exhibited in the following table :— 
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Fleet points out that the later Hindu works ainrost invariably begin the 
week-day order mth Sunday, not Saturday, and thinks that this is due to 
the lufluenoe of the Jewish-Chrisdan week. 


34'. Rahu aud Ki?ctr. — The term RlUiu appears at a comparatively late 

date in connexion with Hindu astronomy. It occurs in the Atharva Veda 

{xix. 9**^, but witli no certain astronomical meaning. In the Mahfibh^rata both 

Rfihu and Kotu are mentioned (it, 11’’; vi. 3^) amongst the planets while 

in the Ramiyana Ketu does not appear.^ In the PancheaiddbdfUika we get 

definite references to the head of R&hu and also to the tail of Rshu (e.^, 

ix. 6, etc,) with tbe astronomical meanings of the ascending and descending 

nodes of the moon's orbit; and in the Brihat SaihAitd there is a chapter (v) 

on ' RShii's course,' which begins: '* Some say that RAhu is, forsooth, a 

demon’s head, which, albeit severed from the trunk, yet, by virtue of hnving 

tasted nectar, has continued alive and become a Graba ' seEser,’ or 

' planet ’)... others declare Rfihu to have a body, consiatinr only at head 

and tail, the figure of a snake. Others again Cell us that t ,e so-called son 

'■ 

I 3» WEBXit Lih iK whjCh itiiiis UiAt PJiiu im occun in xhs xliQ«pk 

in tbe uraihf’ cl * Krta, he i!*j% ii fijwfc moatifiiiisd hy 
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of qinhiH is iDcorpor«ftl and opacoue.** Bahu tberefore became known aa tbe- 
demon of edipeea and bia head waa identified with the aacending node and 
hie tail with the deacending node. The knowledge implied of the incUna* * 
tioa of the moon’s orbit to the ecliptic is not exhibited in Hbdu works hetoce 
the introdviction of western astronomy. The term Graha, which means ^ aeizer,’ 
was applied to the planets as powera which lay hold of the fatoa of men^ 
and quite naturally embraced the demon of eclipses-f^) The term Ketu iSj as 
Alblruni pointed out (ii. 234) scidom used by the Hindus to denote the des¬ 
cending node, and it la sometimes employed to denote comets. The Hava- 
‘graha or him planets {Sun. Moon, the five planets, Bahu and Ketu) later 
on developed into minor ddties,^ 


35 , We££ days. — T he Hindus at a comparatively late period employed the 
planetary names of the days of the week as follows; — 


— ' 

Hindia ftfcirtrfi. 

CofrHpdDduag pUofta. 

SoAday . ^ - 

Ea^j-virA . . . - 

Sv^n. 

Hi>iiday k . .... 

B<!mB vara .... 

9fi>on. 


Uniigala-virA w BbaimiA^vara 

Mafs. 

Wedawlay 

1 Budha-vara .... 

Mtrcufj'. 

Tkttt9d*y 

B^iliasp&ti-h'iTa or Guru-rara. 

Japiter. 

Friday ...... 

Sukra-s-ira .... 

Veaim. 

Batnxday 

faai-vara » . . ^ 

Balura. 


The Hindu names are exact equivalents of the Homan namea, which came 
into use in the west about the beginning of the Christian era, Kow the week¬ 
day order of the planets is an artificial <me based upon the natural order— 
Saturn, Jupiter, Stars, the Sun, Venus, Mercury, the Moon, and was developed 
thus; Saturn is the lord of the first hour of the day, Jupiter the lord of the 
second hour and ao on; comiequeutly the lord of the S6th hour, or first hour 
of the second day, is the Sun; the lord of the 49th hour or first hour of 
the third day is the Moon ; and so on. The 24 hour day is therefore essen¬ 
tial to the acheme, and the division of the day into 24 hours nowhere appears 
in India—so we must conclude that the week-day order of the planets is of 
non-Indian origin. Again the week-day order properly b^ins with Saturn 
(Saturday) whereas the Hindu week begins with Sunday—and this is probably 
due to the same influence as with us (the Je^v^Bb-Christian week).* 

‘ E Tbe OAMtK* pbeed thv hwl oJ tfai> dngDd kt th* Mcemling Rwic wJ iti tkil at the dcMndizig [q 

th* vwl Dnami* mi Canda i^ra^Lf ill vitli gnutlili&ieml fkcitiofix, irlth 

^u»tf Ml A Eftirlj TntiilliA£]i (A^D- KfH)—230)^ nfem io iLb and m dewa FtkIub^^JL^. 

Sw LlCU&cq, ntc. 

i. 

• * tbp d^y ' POfattiniH |lf*d Ulilc*d ol £ad Tdrv brMiJQig>4,p4« €t«t« Ibub ^ 
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The earliest known use in Indian inacriptions of a planeUiy day dates 
from A.D. 484. and down to A.D. 800 there are a few authentic matancee. < 
After A.D, 900 the planetary days became a common item of the Hindu 

calendar,^ . , , r ■ • 

36 . HELUrAL SETTiKOS AND waiNGF.—Notwithstanding Tdak e n^enioua 

attempt to discover a reference to the hebacal rising of Sirius in RV. i, 105‘‘ 
the topic is not really referred to in any Hindu work before the Greek period, 
the earliest references being in the Ary<ibh^\lya, the PanchmlidMi^xkd and the 
Brihat Sadihiia of Varftha Mihira. The phenomenon was mtrodure<i as an 
astrological one and its astrological eignificatvee has completely prevailed, no 
astronomical meaning whatever being att4M;bed to it in early Indian te^ 

The Instances in degrees from the sun at which the stars and planets 
become visible are stated in the texts to be as follows t— 
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in the Ry/Aol Sadihitd* In comparatively modern times the Jupiter cycle is 
employed in dating inscriptions, etc., but there is no evidence that indicates 
its employment or a knowledge of it in India earlier than the Efth or sixth 

centuiy of our era, _____ 

» Tht Tid«« iHrirt A aw I«W» iryabuaw, B iha fiiae»«iiA(Mi«.W iwt tbwr uaid« C twin lb* 
1 cb. Till. Nc *tio i&c IfSfyo i. 66 and sir, 17 s alw AibriStiV Mh. fl, 113 f- 
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Whi^e the Jupiter cycle ia not a marked feature of the (Jreek astronoini- 
cal teaching the twelve and sixty year periods were well known to themJ 
The six^ year cycle with the Chinese is a double cycle of 12x5 years with 
which is connected another double cyde 10X0 years j and the Chinese seem 
to b^in their cyclic reckoning with the year 2037 B.C> The Annamese, Cam¬ 
bodians, and Siamese also use the sixty year cydc. In the early tnaes, at 
least, the Hindu cycle is a compound one of 5X12 years.* * See also para¬ 
graph 61(f). 

38. Moctnt MEdU.^—^Brahmagupta says—“ Manifold are the opinions of the 
people relating to the description of the earth and to Mount Mem, particularly 
among those who study the Pur&nae and the religious literature- Some de¬ 
scribe this mountain as rising above the surface of the earth to an excessive 
height. It is situated imder the pole, and the stars revolve round ita foot, 
so that rising and setting depends upon Meru....The day of the angelB who 
inhabit Meru lasts dx months, and their night also six months.” 

Aryabhata, who taught that the earth was a rotating sphere, atgued that 
^leru had no absolute height. The Purl^as, how'ever, make it 80,000 or 86,000 
yojanas high, etc. For information about the various views regarding Mount 

Meru consult. AlblrOnl (Ch. xxtii), the several Furftnas, PataSjaH (iii. 26) and 
comment thereon, etc.; but very little of astronomical interest will be found 

beyond that given by Brahmagupta and Aryabhata, The notion of Mount 

Meru is a late introduction' and is possibly of foreign origin.* AlbirOni pointed 
. out (i. 248} that the Hindu conception of Meru was similar to that of the 
Zoroaatrians, who place at the centre of the world the mountain Giroagar.^ 

The name variantB Heru, Sineru and Sumeru also seem to indicate a foreign 
origin* and the geographical scheme generally accompanying the descriptions of 
Meru may be connected with the Avestan scheme of seven districts; and 
Mount Meru as the abode of the gods recalls to us the Olympus of the Greeka. 

^ wn|«« Witb lb« tyrti* c^le of tlifr Dnudjt wf. v<unpmttf Ib^ ol 

ib^ BdMtlAa of %ho gnfel iA* b, ft writcf, im whM iMitboiriij 

iip oot knoini i It jnotm* fitnbtr, ibit iiL tbdi* % muifb older ejde of walj jeiiv yu rteogtLtHdr'” li, 77 n, 

* Bffirel! itSkd followip|[ J+ vlAitf tlmt th« jtMim of tbe Jupiter eyel* vers prpbublJ jjatrodlkOed 

tolo ]q4^ mhiimt Afid wfpt oertuB^ ia mt iii iLl>. S30 l Caiemd&tt p. 

* Kd i. It. WcKiD^ p. tH L 

* Tb« of U» iT«8fU. Set alto foot-oote 4^ p. 19. 
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CHAPTER VI. 

The Introduction of Qreck astronomy. 

39 . That the Hindu astronomical teaching fiom about A.D. 400 onwards 
is dominated hy what is known aa the Greek ^stem of astronomy is now 
generally accepted. To those who are well acquainted with the Greek teaching 
and with the Hindu works oi the period this is obvious. A lair amount of 
the evidence can be put bi a summary form) but it musb^ however, be borne 
in mind that the most appropriate demonstration for such a connexion generally 
consists of cumulative evidence, on which the judgment of the expert, is of 
particular value. Most scholars, Indian^ and European, accept the judgment 
of the expert in this matter and allow that the introduction of western 
astronomical knowledge took place about A.D. 400. 

Of particular evidence that can be conveniently marahalled we have explicit 
statements of early Hindu writers, the employment of Greek technical terms in 
Hindu works of the critical period, and the introduction of ideas entirely new 
to India hut which had been for some time taught by the Greek astronomers. 

40. VarKha Mihira, Brahmagupta and others refer to Greek astronomers. In the 
Brihat Satijbitt (ii, 7) we read—" Even the Mlechcbhas and the Yavanas who have 
studied the science are respected as ^ishis. Such being the case, if the Jyotishika is a 
Brahman, who will deny him respect ? Alblrunifi, 23} also quotes this and empha¬ 
sises the indebtedn^ of the Uindus to the Greeks Brahmagupta refers to the Yavana 
uddhlntas; and there is a signt&cant parage in the Ssrya Siddhdnta* that points to 
a western source of information. That the Fauliia and Eomaka Siddhintas are of 
vrestem origin there can be little doubt. The former is possibly connected with the 
work of Faulus AJexandxinus (circa A.D. 378); and Eomaka is stated by 
VarSha Mihira to be situated 90 degrees west of Lanka. 

These references to Greek teachers and works may seem rather meagre 
to the western reader, but the custom among Hindu writers was ever to avoid 
reference to any foreign author or work m their own productions, which, th^ 
were constrained to assume, were either traditional or inspired. The references 
tj the Yavanas mentioned above are therefore somewhat extraordinaiy and 
may be accepted as adequate. 

41. Many Greek technical terms were introdticed at the period, particularly 
in the astrological works, but also in those devoted to astronomy. The foUow> 
ing are some of the many terms employed by Varftha Mihira and others 
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, trikoria. 

1 


. ^ dreAhkuLh. 
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The signs of the zodiac were not employed by the Hindus at all in the 
early period. Their names appear in two forma in the later works, either as 


tranj^tiODS or translitetatiDii of 

the 

westerd 

terms. 



Hindu puneft (or wliit- 

Giwlf uftiPcA 

tn 



(3) 



Meslia (a ram). Aja (he-goat) 

■ ' 

Kriya 

■■ V 

ft 

Kpidf 

V|i3ha (ft bull) 

A 

Tftunui 


¥ 

Taiifftf 

Mithuna (a oouplel .... 

>1 



ft 


Karkuta (a cntib] .... 

# 

Eftrlcft 


m 


Siikilia (a Uoa) .... 

* 

Lfl/ft a 


- 

Afltov 

Kaaya (* girl) . . * . 

«■ 

FftUianft 



riofOiW 

Tula {a balaaee) . . . ■ 

¥ 

Jukft . 


■- 


Tnfehiks ttcorpion), Ali (a bee) . 

m 

Kftqjpjft 


• 

£xopmoj 

Dbanua (a bow) .... 


Tank&blkB « 

- 

To5dn;j 

Hftlcftift (ft maiister)^ Mfigft 

1 Ai&ken 

m ft 

- 


Kumbha (a pot) ..... 

* 

H^idogft 



* TSpoxrfof 

Mina (a fisb) . . - • - 

■I 

Itbmi 


• 

I 


The Greek names for the planets were used also, but only occasionally 
The common Hindu names are indigenous (See pi^je 101). 


42. If we examine the topics dealt with in Hindu works prior to A.D. 
400 and those dealt ^Nith in later works and diSerentiate, we get a number 
of new topics, most of which are common to the Greek system; and the 
lame applies to the methods employed. The detaUfl arc exhibited in other 
parts of this book, and we present here only some examples of the changes 
effected. 

(ff) The tiakshatra divisions of the ecliptic were almost altogether super¬ 
seded by the signs of the .zodiac. 

(&) The motions of the planets, which in the early period had not been 
dealt with at all, were examined in detail and explained by the 
method of epicycles, after the Greek fashion. 

,>) The notion of parallax and methods of calculatfng it were introduced. 

(d) Methods of calculating cclipaes, entirely new to Indian works, were 

introduced. 

(e) The notion of hdiacal settings and riaioga of heavenly bodies was 

intioduced, chiefly with aatrologicnl applications. 
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(/) Correct iiilea for calculating the length of the' day and night and 
oblique ascensions, etc., were Introdaced. 

(j) The length of the year waa revised. 

(A) The planetary weeh-day names were introduced. 

There is a great deal of other evidence besides, some of which can only 
be appreciated by a detailed study of the Greek and Indian rules, and soma 
suggests rather than proves a cannesioiL There is also the indirect evidence 
of the earlier Hindu astronomers whose methods and rules were wholly dis¬ 
carded by the later astronomers, and lastly there ia evidence that is not 
astronomical at all.^ ' 

^ Sc4 mj pHpcr InfiMtnef m ^ acieirtUi 
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HUtCD ASTHnirOliT- 


CHAPTER Vn. 

Tli« astronomert of the second period. 

43. With the intioduction of Greek methods this accoant of the develop* 
ment of aetTonomy in India might, with softie propriety, cea«; since the snh- 
sequeut modification.'i o! the system expounded have very little real biatori 
cal significance. But, as already explained, the tHindli-Greek aatronomy has 
by some ^vhat artifical means indeed, attained sufficient importance to warrant 
some special treatment, and a section will thcretore be devoted to it. It ia 
unfortunate that the early European investigators into the history of Hiii<lu 
astronomy attached far too much importance to the more roodeni texts and 
almost completely ignored the early ones. This was remedied to some extent 
by the publication of the PaA:lmsiddlianfH:a in l)iS9 but this work is not 
generally available and its form of presentation makes it almost a scaled book 
to the ordinaxj* reader. Other Hindu works of the period and of later times 
differ irora the teaching of the Pa^hasiddhSnlihi principally in mattera of 
detail; the later ones introduce greater cycles, and attempt to exhibit u 
greater accuracy but with no very great success; they are more elaborate in 
detail but hardly more eflicieut, In the following section an attetnpi will be 
made to exhibit the Hindu methods as represented in the earlier of these 
works. The more important cmendatious and additions of the later writers 
will be noticed also; so that the section will give a fairly complete survey of 
the Hindu astronomical teaching that has obtained during the last sixteen 
hundred years* 

Our principal sources of information for this period are the Aryabfuitiy<t 
of Arvabhata (circa A.D. 628), Varfiha Mibiru’s Fa<&clia$iddhdntiki written about 
A.D, *560, thtBrahnasphvtafiiddhdjitaof Brahmagupta (A.D. «28), and the later 
Serjo Siddkdnta of about A.D. 1000; and very considerable use has been 
made of Albirufii*s ludid (.4.D. 1031). 

The astbonomebss. 

44. Before exhibiting the astronomical methods of this period we may refer 
to those astronomers whose names have been handed down to us. The most 
renowned of these are Pulido, Aryabhata, ^'arfilia hlihiTa and Bnilimagupta. 
There are works of importance whose authors arc unknown and there 

are certain teachers mentioned who arc now no more than mere names. 

Variha Mihira sava : " There are the five following siddhSntss — the Pauli^ar 
the Bomaka, the Vfiaiahtha, the Saura and the Paitimaha. Out of these five 
the first two have been explained by lAtadeva. The siddhanta made by 
PimUflA IB accurate, near to it stands the siddhants proclaimed by Romaka, 
more accurate is the SAvitra (i^aura), the two remaining being far from tite 
truth/’ He also refers to Simh5chfirya, Acyabhata and the Yavanas as tea* 
clicrs. LatBchSrya he tells ns (PS. xv. 18) reckoned time from sunset at Yava- 
napura, nwhile SimhSchan'a reckoned from sun rise at LafikS. 
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Brahmagupta aaya: " Oue <jf the eiddhautaa ia the Suiya, othera ora 

lodu, Puliia, Komaka, Vasishtha and Yavana; and, though the eiddhintaa ur-t 
many, they differ only in worda, not in the subject matter. He who studies 
them properly will find that th^ agree with each other.” He refers to 
Aiyabha^ cm many occaaions^ and also to Gargia, Fuliia, Srishepa^ Viahou- 
«chandra, Pradyamna, Lfito and Simha. 

Albiifini mentions the same five siddhKntas as YarOha Mthira, as well as 

that author's PancAasiddMniitia. Me makes the author of the Ssrya 

SiddMnta, states that the Romaka is so called after the city of Rum, and 

that it was composed by Sriahepa and that the Pauii^a SiddAanUi wae so 
called after Fauliia the Greek. Of Aryabhata’s and Brahmagupta’s works he gives 
some accounts and many quotations therefrom. He mentions also as astronomers 
the following—Balabhadra, Bhinuyasas Surgriva, Vijayanandin, Vitte^vara, Utpala, 
and Atyabhafa the younger of Kusumapura. 

Of ^ and driaheua we know praedcally nothing, but Brahmagupta 

tells US that Srisheua took from Lain the rules couceming the mean motions 
of the planets and from An'abhata those concerning the true motions of the 
planets. According to Tbibaut it is possible that Srl^ena recast the RbntaJhi 
SiddAdma and this is more or less indicated by AlblrQnl. Of lAta’s connexion 
with the jSdfya SiddAdiUa we have no further informatton than Alblruni's hare 
statement. 

Ganoa.—In the MahdbMrafc we are told that ” Garga, the great Rishi ” 
becaiM astrologer to Pfithu. Kdktpidna or ‘ knowledge of time ’ is espe¬ 
cially attributed to him and he is also associated with KAlayarana: ’ Ksla- 
yavana who is endued with Garga’s power ’ {xii, 340, 95) ; and he is credited 
x^nth a ^ thorough knowledge of times and mastery of the science of stars,* 
(Lx, 37, 14).* According to the FisA^u Purdna (ii, 6); ” The ancient sage 
Garga, having propitiated Seaha, acquired from him a knowledge of the prin* 
ciples of aetroDomical .science, of the planets, and of the good and evil denoted 
by the aspect of the heavens.” 

We have not any of this somewhat mythical Gai]^’s origmal work; bat 
the Gdr^ Satkftiid was possibly composed about the beginning cl the Christiaa 
era* and was an astrological treatise. It appears to have contained a chapter 
in the style of a Purfina, in which were given references to the invasion of 
the Greeks, to their conquest by a Baka kipgi and to the overthrow of the 
Sakas by another power,* VarSba Mihira’s BfiAat SaMtfd appears to be 
largely based upon the work of Garga: the ioltaiwing are some of Yaihha 
Mihira’s quotations:— 

” Bhagavan Gaiga aav^—' That prince meets with ruin who does not 
support a Jyotiahlka, etc.’ " s 

* Tli« bAm bdefl Altfibuied to «xi ufikitovm l.agprihA or LufAU, Weber 

-be tbe lUiie m ^ 

^ W* Hofeiss, Tit Gnai Mirie /niw^ pw 

* See J. BsntTLXTf HUigrical ^ ind'tdll p, M ; Sm W.. JosteV Jl^ Oi. 
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And 1 say, on the aathpri^ q£ Gaiga, the ancient, that the eeven 
Riflhis stood in Magh£, etc.” * * 

‘ It was in such a grove of Mount Meru, the abode of the Devas, 
that NAraihi communicated to Bfihaspati the laws of the Robinf- 
yoga. The same laws have since been taught by Gaiga, ParSiara, 
Ka^apa and Maya to niunbera of their diaciplea. Having eX’^ 
amined these truthsT I propose to write a brief treatise, etc.” * 
" I have spoken of the comets, bat not before having examined what 
is tn the books of Oaiga, Parfisaia, and Anita Devala, and in 
other books, however numerous they be.” * 

4ft. Pnuja.—Albiruni couples the names of PuUsa and Aiyabha^ together 
on many occasions; so often, indeed, that had we only AlblrAoi to rely upon 
we should hardly be able to distinguish between the two with regard to their 
work and teaching. They always appear to be in agreement, and are both 
abused by Brahmagupta. “ Aiy'ahhate, Fuliia, Vfisishfha, and EiSta agree in 
this, that when it is noon in Yamakuti, it is midnight in ROm, bcglnniag 
of the day in Luuhft, and the begiuniug of the night in Siddhapura, which 
is not possible, if the world is not round.” ” Aryabha^, the elder, and 
Puli^a compose the manvantara from 72 chatuiyugaa, etc.*' and, ” according 
to Aryabhata and Pulila, the kalpa and chaturyugas begin with midnig ht, 
etc.” Regarding Brahmagupta's hatred—" In thb respect Aiyabhat:a and 
Polisa are the same to him,” writes AlbiriLni. 

Aryabhata, the yoonger, speaks highly of' the mtelligeace of Palm, and 
AlbIranJ was cngagetl in translating his works. Unlortunatefy this translation 
is not available, but, in the India, Albiriim gives several direct quotations 
from the PuUia-Siddhdnta, For example: — “ Pullsa says in his SiddhSnta: 

‘ Fuliia, the Greek, says somewhere that tho earth has a globular shape. Be¬ 
sides, all scholars agree on this head as Varthamihira, Aiyabhala, etc,' ” 

In his list of Hindu works on astronomy, Albirani states that the Puliia- 
Siddhanta, composed by Puli^, was so called from Faulisa, the Greek, from 
the city of Saiutra, which he supposes to be Alexandria. It has been suggested 
that this Pauli^ is the Faulus of Alexandria, who in A.D. 378 wrote an 
introduction to astrology which has come down to us. 

According to \Veber, Foll^ was a contemporary of Ary ah hate and the 
two were rivala, while Kern places Pnlisa a century before Aryabhata. 

For Pallia's astronomical views we have a brief summary in the PaScha- 
i^dhdntikd and Albirum's quotations and references, whicht we may assume 
with some wanant, accurately repreaent the views of FalUB. Accordiug to 
Polite the universe consists of earth, water, fire, air and ether. He refers 
to the hypothesis of Paulite the iTceva loat the earth ia a globe, otherwise* 
he points out, day and night wouiu not be different in winter and summer. 

t Bs. xin. i-s- 

* BS. % Ot aad K.%knM u uluai cr utcqkjgffi m oayv m iiLbnutioiL Ig 
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Mount Meiu is above tbe poie, and the eartb is fastened to tbe two poles 
and held by tbe a:£iai and the wind makes the sphere of the stars to revolve. 
When the sun rises over the tine which passes both through Meru and LankA 
that moment is noon at Yamakoti, midnight to the Greeks and evening at 
Siddbapura. 

Such notions are indeed common to all the works of the period but in 
addition Puli^ seems to have been an authority as a calculator. HU values 
of It (particularly 3 ^ are often quoted and the table of sines appears to 

be attributed 'to him,^ . He appears to have introduced new methods of cal¬ 

culating the oAari^cifla (see § 61} . The numerical eiementa of his astronomical 
scheme are given in appendix iil 

46. AttyAsaATA.—In works on Indian astronomy references to the famous 
Ar>'abha(a abound, and, from the time of Var&ha Mihira to the present day 
we find numerous quotatiotis from him, Unfortunately, a great many of these 
quotations are second hand ^ for it appears that the original works were prac^ 
tically lost for centuries. At the beginning of the eleventh century AlbirunT 
wrote:* * *'I have not been able to find anything of the books of AryS' 
bhata. All I know of him I know through the quotations from him given 

by Brahmagupta”; and, at the beginning of the nineteenth centurj’, we are 

told by Colebrooke ^ that *' a long and diligent research in various parts of 
India failed of recovering the Algebraic and other works of Aryabhata.” AUo 
that the original works of Aryabhata were either not available, or existed only 
in a much mutilated condition in the fourteenth century, is indicated in the 
follouing passage from the A/a Ad Ar^sidd/idiUtt : "That (knowledge) from the 
Siddhanta, propounded by Aryabhata, which was destroyed, iu recensions, bv 
long time, I have in m) own Language thus specified.” * 

Airabhata's work consists of four parts ; (i) The O'iliJtd, which consists of 
ten couplets and contains astronomical tables; (it) the Gtititta consisting of 
33 couplets ; (m) the A'dfaATt^, which deals with the measure of time ; and 
(ic) the Goia, or ‘ Sphere.' The last three sections make up the Art/d^^ti/a 
or work of IDS couplets, while the first part is known as the DaSagHild. 
Other works have been attributed to Aryabhata, but tbe above mentioned are 
probably all now known that can be justly called bis. From Albirdni * we 
learn that the contents of the book Karana-Maffi^-Jtiddifata represent the 
doctrines of Aryabhata, and that Brahmagupta wrote a commentaiy thereon.* 

Aryabhata telts us that 3,600 years from the commencement of the Kali^ 
yuga 23 years of his life had passed, and possibly this (=A.D. 498) is the 
date of his work, or the epoch from w'hich he reckoned;* and it is t.hia 

^ AuimCNl L S75, rbc. 

* India^ i, 3^0. ■* £ 390 ^ 3 ^ li# 432^ 

*iRAE. 1864. pi 3P2: * /ndw, u W, 
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tb^ Jwrmt atiaii^e ; nod m 190S iht pmnt wzitw ctwtrLbuifd ■ p»per ma the Gu^im to tb# Joaiatj nl 
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A.iTab!i&^, who was horn in A-D- 4T6i to whom we refer. But there was 
another Aiyabhato of some note hnown to AlbirQiiI, who carefuUr distinguish^ 
the one from the other. The more modern Aryabhata he always designates 
as Aryabhata of Kusumapura; * * This author/* he says, ** is not identical 
with the elder Aryabhata, but he belongs to his followers, for he quotes him 
and follows his example.*' We infer from Albirtliu’s remarks that the elder 
Aryabhata was not of Kusumapura •, but Weber, Kern and Bhau Daji say 
distinctly that he was and the opening verse of the Ganita indicates its author 
as belonging to Kusumapura.* 

Aryabhata was an innovator. He attempted to free at least one depart- 
menl of knowledge from corrupt belief, and, as an almost natural consequence, 
the orthodox Hindu teachers opposed him. We read that Brahmagupta was 
so intolerant that he was blind to the truth " from sheer hatred of Aryabhata, 
whom he abusM excessively.... He is rude enough to compare Aryabhata to a 
worm, which, eating the wood, by chance describes certain characters in it, 
without understanding them and without intending to draw them. ^ He, how¬ 
ever, who knows these things thoioughly stands opposed to Aryabha^ like 
the lion against gazdlea They are not capable of letting him see their faces.' 
In such offensive terms he attacks Aryabha^ and abuses him." 

The cause of this viUffcation is Aryabha^’s unorthodoxy, as is indicated 
in other passages. For example, Brahmagupta states that Aryabhata’a teach- 
' ing regarding eclipses was not in accordance with the Veda and " the book 
Sniriti composed by Manu and the Samhiti composed by Gatga, the son of 
Brahma," and that Atyabba^ " stands outside of the generally acknOiwIedged 
dogma and that is not allowed." " Further," Albiriini writes, " Brahmsgupta 
says tbai Aryabha^ considers the four yugas as the four equal parts of a 
chatuiyuga. Thus he differs from the doctrine of the book Sm|iti....and be 
who differs from us is an opponent." 

Later Hindu opinion was more favourable, at least in intention. In the 
sixteenth century Suiyadeva ascTibed the acquirement of the .elements of 
astronomy by Aryabha^ to supernatural agencies. A twentieth century author ^ 
also suggests divine inspiration: “ Divine favour dawned upon him ; be was 

inspired : he gave utterance to a spontaneous outburst of astronomical knowledge, 
clothed in poetii^ Language.... These facta lead the learned to believe that 
the ten verses were inspired and could not be attributed to liuman authorship." 

Aryabhata is chiefly notable as an oppoeer of certain aspect? of the 
orthodox Hindu teaching of bis time. He demonstrates that Mount Meru is 
not really lugh. He teaches that the earth is a sphere and that it rotate 
on its ftTifl. This revival of a Crieek hypothesis, however, did not flourish 
in India any more than in the west. If the earth rotated "falcons, etc-, 
could not return from the sky to their nests... .and flags and similar things 
would, owing to the quickness of the revolutioD, stream constantly to the 

* /itS4 i. ITS, 24*. aw, m SM. 

wj P*P«T oa l*c .JryoliM" Bimliotiiic* Hateoutiu, ISm pp. 289—2112. 
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west" (PS. liii, 6-7). Aiyabliata maintams that eclipses are not caused by 
RAhu but by the moon and the ahadow of the earth in direct apposition 
to all and from pure enmity," according to Brahmagupta. 

The elements of his astronomy are given tn appendix iii. His scheme 
was more or leas the usual one of the time but perhaps more emphatically Greek. 
He states that it is founded on the Brakma SidfiftanCa and that it differs 
{rom the other siddhAntas really very little. He gives no list of the nakshatras, 
but speaks of them as begiiming with Aivini*. 

47. VaeAha MtuiEA* lived at Ujjain m the eiath century. In hie astro¬ 
nomical calculations he employed the epoch 427 Aaka (A.D. 505) and, it is 
believed, he died in A. D. 587. 

VarAha Mihira was rather an astrologer than an aetronotner, his great 
a-ork being the Sfi&ttt Sctihfiito, an astrological treatise of conaiderable length, 
He also wrote other astrological works, namely the Bjihaj Jdtoka, 
etc. Fortunately for the historian of astronomy he also wrote a sort of com¬ 
pendia m of the different systems of astronomical teaching in vogue in his 
time. This work was practically ignored by later Hindu writers and Albiruni 
evidently thought it of little importance. “ VarAha Mihira," he teUs us, " has 
cdmposed an astronomical book of small compass called Pa^hasiddfidntil-d, 
which ought to mean that it contains the p'tL and narrow of the preceding 
five siddhAntas. But this is not the case, nor is it so much better than 
they as to be called the most correct one of the hve."' 

AlbirhnI had a very high opinion of VarSha Mihira generally, but still 
he ih not always flattering. " He (VarAha Mihira) fieems sometimes to aide 
with the Brahmans, to whom he belonged, and from whom he could not 
separate himself. Still he doe.t not deserve to be blamed, as, on the whole 
his foot stands firmly on the basis of truth and he clearly speaks ou^ the 
truth.... Would to God that all distinguished men followed his example." 
But on another occasion Albiriiiu says: * “ You see what a self-lauding man 
he is, whilst he gives himself airs as doing justice to others." This remark 
ja called forth by the notable passag^ in tbe Bphat SathhitA which refers to 
the Greeks. Again;—What VarAha Mihira says of the astroli^ca! portents 
of the parvans," remarks Albiruni,* " docs not well suit his deep learning." 

^ It ii nlhtlHsd tluil AiyAiVlwti* vw* known tbe niuler tbe Dunn vad tbet «bmt 1114 nlntk 

cttntwry tbcj« tbe Ambe, \tml ftom tbe Hindiu uid tbst tbe wortl 3 i*dkind ne tb«ir &t 

iidcIbifitA. Albirflnl deimit^ly etelci Ibet tbe early Xiullm utHmomen r^BRed I* tbe vofkf d Az^ba|a mad 
to ntber eiddbi&tae: For examplfl be eajt thal tbti/ ioieewd ihai Aryafahe(a (ifroA mmai a ihon- 

Wkdtb part and that afl«rw«rdi iker EduliUled tbe wgsd further and vr^te Avjahbar. Foitber AiUriknl vritee 
Tha hook fS i n dhaik d la caJlcd by tbem (tbe HindEu) iiddhlnta; azkd apim " A |a tbai epaet id tian wbicb. 

HuaUm antbare eaU tbe year of iwtbind; mad agam be eajs Miuiiiini know d tiu metbod* ol Ibe Hlndiu only 
tlutM whkb w fmind m the SindhiDd.'^ {ladm, ; iw ^ ; ii 19 .} Stt alan adm pi^ 49. 

■Sffs H. KtM TU Brihai £o*kUa...of TiiTdAd jrAiVil (JKAS, 75 and Fer^mide Owbriflea, 

1913); O. XHmaiJT and 3. l>VTTittn Tkt PmmcAatiddJMM.^.of FantAa Jfi]iHPW.p l8i« ; H, F, <MaTmru. 
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Of course Vaiftba BiGhiis was not free from certain of the absurd notions 
peculiar to astrologers and to hia time but he often displayed sound common 
sense. Animadverting oo certain views as to the oonjunctions of planets aa 
the cause of eclipses he says: The nature of an unlucky Went is the only 
thing which these occurrences have in common with an eclipse. A reasonable 
explanation is totally different from such absurdities,” He ^ards the notion 
that edipsea can be foretold by observing a mixture of oil and water,^ but 

he thinks comets are beings who, having been raised to heaven on account 

of their merit, are now redesoending, etc.” 

VarSiia Mibira is quoted largely bv AlbirQni, principally from the Bjihat 
Sarfahiti on astrological matters. Hie astronormcal views and the contents of 
the PaAchanddhdniikd will be dealt with below. 

48. BftAHUAGUFTA * * was bom in A.D. 598. His principal work was written 
at the age of thirty and he appears to have written another work at Isast 
as late as A.D. 665. He was the son of Jlahnu of the town of Bhillamata ne^ 
Hultan in the Punjab. AlbtrSni, who was engaged in transUting the works 
of Brahmagupta, names the followingthe Brahma Si^dhanla, the Kira^ 
Khartda-Khadyaka (exhibiting the doctrines of Aiyabbata) and the Ullam- 

Kka^4a-Khddya]ca* In 1817 a translation of the mathematical portions of 

the BrahmcJt^pufaiiddhanta was published by Colebrooke, and in 1002 the 
text of the Brahma»phu(<iaiddhanta was published by Pandit Sudhilkani 
Dvivedi. 

Albiriini, after praising VarSha Itihira, conttnues: * “ But look for instance 

at Brahmagupta, who is certainly the most distioguiahed of their astronomers 
....he shirks the truth and lends hie support to imposture....under the com¬ 
pulsion of some mental derangement, like a man whom death k about to rob 
of hk consciouaness....If Brahmagupta Is one of those of whom God aayf*, 
'they have denied out signs, although their hearts knew them clearly, from 
wickedness and haughtiness,’ we shall not argue with him, but only whkp^ 
into his ear— ‘ If people must under circumstances give up opposing the 
religious codes (as aeems to be your case), why then do you order people 

to be pious if you forget to be so yourself’-1, for my part, am bcltned to 

the belief that that which made Brahmagupta speak the above mentioned 
words * (which involve a sm against conscience) was something of a calamitous 
fate, like that of Socrates, which had befallen him, notwithstanding the abun¬ 
dance of his knowledge and the sharpness of hk intellect, and notwithstanding 
hk extreme youth at the time, for he wrote the Brahma SiddhAnta when he 
was only thirty years of age. If this indeed k his excuse we accept it and 
drop the matter.” 

I StutMa. V, 17. 

•SmS. T, OoLxnaoMi AlgAia,. .from Bnimosupta and .BJbwint. 18»; SenaitiM Dvirui 

IW£ i uiil mf 1915, 

> Imdia. U IC& 

a. 110^112. 

• Tbw «. hiM nmvt> w Ktipv hi, MDdejnMtido oJ tod uUkh. mbitb h*T« 

AlMdy bwQ fSi 





BBABM4GUFTA. 


49 


Brahmftgupta is perhaps the most distinguished of the Hindu mathemat¬ 
icians hno^'n to us and Alblrunt appears to have considered him the most 
of the Hindu astronomers. He appears at the climax of the 
intellectual period of the Guptas and after his time no real advance was made 
in cither mathematics or astroQoray. Even in Ms time signs of the coming 
deterioration were not wan ting. Brahmagupta Mmscif was prepared to eacrifice 
truth on the altar of orthodoxy, and to the historian he is now famous rather 
for his vilihcation of Aiyabhata aud others than as a leading astronomer. 

The elements of bis astronomy are given iu appendix ti. There is nothing 
particularly notewcffthy iu his teaching: as he himself has said—the aBtrocomi* 
cal works of the period “ difler only in words," probably» however, with ad- 
vaut^e to Brahmagupta. He refutes the rotation of the earth, upholds the 
orthodox exphinatiou of eclipses, etc. He divides the ecliptic into unequal 
nakshatros in the same maimer as the SSryapr<tjiiaj}ti. Besides the usual 
siddhantaa he refers to the Indu and to Yavanu siddhuntas. He employs 
the epoch A.D. 965 in one of his later works.'* 

* The foUtmni* iwlc fay ProfMipr C. A. XiUtiaa of floiiur Ukj ifiUutiior of fkafama^pCa aad otber 

QP MPfaUPIW^P nritm. " The XfotlikiiiiiiaLlap^ qwe tlya tint sicieEltltio doitumU of OittEonamjf to 
XodtA. Ill 771 ijlprq citflt to Dngifai lAt l Oa loiUan OHO Ifd^orcl mE?mbcT p| vliuii iotlthliKc^t lo the 

Arftbi the ^hHio9pkista*kMh^>miit coiupwtl in Sanskrit in A.D. fay BtoliPiAipjpito. Fjorq thw woork (whjefa 
thfl Amba catkiJ tU’Simi-HtMdi IBnlblm ifan oJ-Fi^lri ilm rkiptnti arnl inc-thotls of calcplalion for lua 

[utzocLoioioai tabiBO blopHtni to iiift ^luhooiwplaTi ]u4W year, Almo^ ^^^utcmporannKnJy Yd^qph jfan TuHrj aom- 
pml hit Torl-lh ‘Tho toffipCKitkia of ttio Cckvtia! Spliorta>* wUM% T¥aa bnaefl an iIkj rbuwots aod nucthodi! 

cf tho ^rtber iia.m fumltlwil by anoiber Indian RiL-^tiat (K. il k wbo ramq to 

Badifiail with a occoml ^mboaiiy ia Itit A-II. 7 it-Tfd], It wma that filnsoft at tho lAnue ijitki there wot 
IfflniiftM into Atabw twider tho pamcr oI-Arhuid thq XAa^Ini Apdyoixip vrittcn about A,D. ti(t 5 by the aama 
Brahnu^pta, bat coatainipg ebmeuta difftnrot tfoni thoto of hia oUK-r work. Abu'l-hoaon il-Aj]irLlEi+ a cofl+ 
tomporary ol of^FuarT aod of Ya'qub ifan Iiiriq, probahly drawing on oral of Icani 4 :d IntUant^ inti^lncvd 

to tiui* Aralw tbo plaoetary aiolioDJi acoanUpg to al- 4 \ijabLuwl {a oomipLioii of AiyabbatiiM, the Damo d ap Ji^lian 
attronopior who wrote io A.D. «i 00 )h Tbew ladiaa wOfks had many inutatoni iio the klpliaiunuuJaii wockl pp to 
^bc eod of the tini hdf of the ^th ocotury d tbo EUjia {lllfa cept. A-D.); tqw aAroiK^im^» i^baafa^ oa^Xaiilzii^ 
Ibn H^kRTibt^) wrol4 KjantoiqpDcapcotuily bodki bated on litdian mctbocU aEixl cldDoata aocl boo^ with Qiaoco- 
Aznbac dpnicntiit otimt klub^amEOAci ibo lal^iJiq ag-^aiaboj, Abu'^f Waiii''p ol-BIrtini^ abllojfoi) aJaplod 
mraU cmkiija^ by the Mub^PAadui tstroODmCiti to groat arttScid oydn q{ ynnn ODiutroctpd ia imitatino Ol 
ihoae of tfao lafliaita" [ERE xit, 
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CHAPTER Vm. 

The astronomy of the second periods 

40. As already pointed out there is a distinct break in continuity of idea« 
and methoda between our two nmin astronomical periods. The new astronomy, 
with which we now have to deal, is altogether difierent from that already 
exhibited. Hie new Hinda astronomical Bchool absorbed as much of the 
western teaching as they could, but the orthodox found themselves in some¬ 
what of a quandary, for it was not always easy to square the new teaching 
with so mmdi of the traditional cosmology and astronomy as had been incor¬ 
porated with the popular religious teaching and ritual. Fortunately for the 
new teachers they had almost a * dean slate ’; but there were certain recorded 
notions, old enough to have become a real part of the intellectual universe 
ot the people, some of which did not fit in very well with the new ideas. . 

Aryabha^ was, apparently, wholly pragtessive and was quite prepared to 
discard any tradition that did not fit in properly; but Brahm^upta and others 
preferred to make concessions to the ignorant and bigoted of their time; and 
although they did not allow the popular notions to interfere with their scienti¬ 
fic work, they did not discard them aitogether. We therefore have, mixed up 
with the new science, a fair number of rather incongruous notions that give 
to the whole scheme a somewhat fantastic appearance. 

The astronomical treatises produced by the new school are fundamentally 
all constructed on the same plan, and as Brahmagupta pointed out, the 
differences are matters of det^ or even of words only. Varaha Mihira has, 
in the introduction to his great astrological work, the SoihAiio, given 

a conspectus of the astroDomical knowledge of his time and this will also 
serve as a typical outline of the contents of an astronomical siddhanta of the 
period. Varaha Mih ira writes : 

'‘As to njathematicai astronomy, he must know the divisions of heaven 
and of time, in ages, years, half-years, seasons, months, hall-months, days, 
wote’.ee, muhOitas, ghatis, palas, pranas, vipalas, prativipalas, etc., as taught 
in these five aiddhintaa—the Paoiiia, Bomaka, VaBishthA, Sanra and Brthpia 
fciddhantss. He must know the reason why there are four kinds of months 
—solar, alvana, sidereal and lunar, and bow it happens there are added months 
and siihiractive days. He must know the begininng and end of the Jovian 
cycle of sixty.,years, of the cycles, years, days, hours, and their respective 
lortiiv. He mnst be able to explain in what respect the reckoning after solar 
tune shows similarity or difference compared with lunar, udereal and sAvana 
rof time and to what use each of these is adapted oe^ not. And 
k.r;«*n iliere is a discrepancy betiwn the siddhAntas he most be able to prove- 
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■€xp€rini€xxt&ll]^i by means of tbs agrcenieiit between the shadow and the dep" 
Hydraj between observation and ealculation, at what moment the situ has 
reached the aolatitial pomt, and at how many ghatikaa the son enters the 
prime vertical. He must know the cause of the swift and slow motion, the 
northern and southern course, and the moving in an epEcyde of the sun and 
the other planets. He must tell the moment of commencement and separer 
tion, the direction, measure, doration, amount of obscuration, colonr and place 
of the eclipses of the sun and moon; also the future conjunctions and hostile 
enemmtera of the nine planets. He must he skilful in ascertaimng the dis^ 
tance of each planet from the earth, expressed in yojanas; fur^er the dimen¬ 
sions of their orbits, and the distance of the places on earth in yojanas. He 
ought to be clever in geometrical operatJona and in the calculation of time. 
In order to determine the form of the earth, the circle of the circuit of the 
asterisma, etc.; the depression of the pole, the diameter of the day circle, the 
ascensional differences in time, the tiaing of the signs, the ghatikss corre¬ 
sponding to the shadow of the gnomon, and such like processes.” 

60. Gemehal NcmoNa.—The earth is supposed to be an immovable aphrae 
fixed at the centre of the universe, and around which the sun, moon and 
other planets twelve. It does not rotate, otherwise ” falcons and other birds 
could not return from the ether to their neats,” and " dags and similar things 
would, owing to the quickness of the rotation, stream constantly towards the 
west.” Aiyahhata, however, taught that the earth did rotate, but his teach¬ 
ing on this point was altogether rejected. The path of the sun is divided 
into two equal parts, namely the period during which be is going towards 
the north, and the period of progressing southwards, or from solstice to sol¬ 
stice. The obSiqmty, it is implied, is 24 degiere. The order of the planets 
is correctly known, but, nearly always, they are placed in the week-day order. 
They are supposed to move with equal velocitiea of approximately 1,200 yojanas 
a day. Eclipses are caused by the demon Hahn {Caput Draconit), whose bead 
corresponds, astronomically, to the moon’s ascending node; but Aiyabha^ and 
Varfiha JliMra taught more correct views. The only stare noticed are the 
yogatarSs or ‘ junction sUrs,’ of the nakshatras, and Canopus and Sirius. The 
sphere of the stare is driven by a wind {pravaha). Precession was poeably 
known and in comparatively late works was explained as a libration, but as an 
astronomical phenomenon of importance was practically ignored ; and the difier- 
ttuce between the tropical and sidereal year is not noticed- According to 
Varftha Mihira * " the appearance and disappearance of comets {htu, f meteor) 
in not subject to astronomical calculations.” 

61, The Eaeth.— The diameter of the earth is given as 1,600 yojanas and 
its cireiimference as 1,000.^10’, The prime meridian passes through Lank& and 
Ujjain, the latter being placed on the tropic of Cancer, and its longitude being 


given as 44 degrees east of Yavanapura. 




i st'Oiif AtaAOa. xt. r. 
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Mount Meru, the abode of the gods, is identical with the north pole. 
The length of the day at Bferu is she months and there the sun never rises 
higher than 2A degrees- 

Terreatial coordiruUes .—Tenestial fongitude (i} is measured by the distance 
in yojanas from the prime meridian. If c is the circumference of the earth 
at the equator and c^ the circumference at latitude 9 , then 


and f' degrees = 


3fl0 i 

l,600v^10.«>a9‘ 


To determine the diSerenen in longitude direc¬ 


tions are given for recording the time of emergence at a lunar eclipse; but 
the only real record is degrees rllfference between Benares snd Ujjaia. 

whereas the actual differenre is about 7° 14*. 

Theoretically, terrestial latitude, also recorded in yojanas, was determined 
by the length of the equinutrtial noon-day shallow («} of a vertical gnomon 
that is Uin^ ^ c/g, but the only record is 34° N, fur Ujjain and this is at 
least 11 degrees too much. Since the obliquity was coiisiderefl to be 24 degrees, 
thcorcticallj there was no equinoctial noou-day shadow at Ujjain. The length 
of the day was known to vary with the latiturle as well ns the time of the 
year and various rules were given. (See § 71.) 

53- The nniME U£1UD1.4K. —According to the FaiiehasifMttdntibl (tv. lS-23) 
the early authorities were not in agreement as to the position of their prime 
meridian. The choice lay between (a) Yavanapura (Alesandrin) (&) 180 degrees 
from the meridian of the Yavanas (Greeks) and (c) Lank^. The position of 
LaiikH is defined as being on the same meridian as Ujjaiu,^ " which is near 

to Lahkfi, being situated to the north on the same meridian. Lanka is on 

the eqtiator, for the people there “ see the pole star on the horizon The 

statement is often made that sunrise in LahkS is auiiBet in Siddhapura, is 
midday in Tamakoti, midnight in the Eomaks country; ^ * and the PnneJ&d- 
tidiHiuntikd points out that the longitude of the Romaka country difiers from 
that of Yavanapura. The identification of Yamakoti is uncertain. Albiriini 
uTites: “ Yamakoti (90° E. of LahkS) is, according to Yakub and Aifazhii, 

where is the city Tira within a sea.” *' I have not found'* he continues, 
** the slightest trace of this name in Indian literature. As £ 0 ^' means ' castle * 
and Yatna is the angel of death, the word reminds me of Eangdlr, which 
according to the Fersians, had been built by Kaikfi'Os or Jam in the most 
remote east, behind the sea....Ahh-Ma'shar of Balk has based his geographi¬ 
cal cannon on Eangdiz as the zero of longitude or first meridian.*' " How 
the Hindus,” he goes oa to say, '* came to suppose the existence of Siddha- 
pura (180 from Lahkfl) I do not know for they believe, like oursdvea, that 
behind the inhabited half circle there is nothing but umiavigable seits.** 


1 Jht bctvKH ibe of (in Oyim] uid Ujjfiizi b &! itm% turn Thi» dbRtv- 

pknrj bMM bwi flXpilODKlftn^ by tcmrn Vlftcn by tbt Ki|uc»tiOD tlut Ccjltni WH my^li 

ihM it b iMUkb b iomtiinc« with U» iiluxl itself, tmt evrtam N&rkhm kAn dnint 

tbAt it lj wu3flirt«d wiib CrjicR!! ^ nil- 

■ Thnt b tbt ftaninkA cnnntiy ii M degm* WMfc of l^ki^ TuMbcll b BO defnea cnAt, wbilfr 
«tbt Aboda of tli« hkit m ISO dsgTM diitaoU 
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Tbe Siddhapijca tne^ns ‘ tbe city of tbe perfected * * and Accurdio^ 

to tbe Siin/a Siddhdnta^ (sil. 40) *' m it dwell the magaaoimoua perfected 
free from trouble." There can be little doubt that the ‘ Fortunate Isles,' 
vcbere the souls of tbe good were made happy and from which tbe Greeks 
coxinted their lou^tude, are meant.* 

53. Celestial. Cook din ates. — For bodies on or near the ecliptic ordinary 
celestial longitude was used, or may be considered to have been usetL No 
dehnitioua are given in the early works and the meihods are exceedingly crude. 
For example, in the Pa^fiaaiddhSntika the two stars of Punarx’iisu. or x anfl ^ 
Geminorum ate given the same longitude and latitude. To express the 
latitude of a star its distance in ahgutas or digits from the ecliptic or from 
the centre of the moon was given, the moon's dbmeter bdng div-ided into 
1& anguhis. Appurently ’ tbe moon's latitudo was considered n^^ligible for this 
purpose. 

LatCT the coordinates used for defning the position of stats were the 
ecliptic and the great circle passing through the poles of the equator 
a declination circle) and t Piscium- This longitude (X') is then the part 

of the ecliptic intercepted l?etween Z Piscium and the point of intersection 
of the declination circle pah^ng through the star and tbe ecliptic. The corre- 
epouding latitude (^7 ia the part intercepted on the same declination circle 
l^tween the star and the ecliptic. Whitney called X" and p' the poiar longitude 
and latitude.* (Se^ also ^07c,) 

The Fi3£ED PorNT. —All the later Hindu texts agree in regarding the 
star *C Piacium or 10" east of that star as the point of origin for longitude 
and similar calculations^ and to the present day it is supposed to mark a 
sort of artificial vernal equinox and the commencement of the year. 

The star C Piacium was within a degree of the equinoctial point at 
A.D. S05 (Saka 427), the epoch used by Varaha Mihira. Accordiog to Bh^s- 
kara the coincidence took place in A.D* 527, while Whitney calculated A,D. 
570.* The F<^^cha$iddMniikd says ^ ** At tbe present time (AhD, 505) the 

ayana be^ns from Punarvasu ” and this means that the sun's southern course 
commenced, or in other words, the summer soUticc took place, when the aun 
entered the nakshatra Punarvasu. TMa conveys no very precise meaningp for 
Punarvasu occupies some lai degrees and it commences at an indefinite dis¬ 
tance from some point that is now unknown and probably never was fixed 
with any exactitude- But according to one scheme Punarvasu corresponds 
roughly to a. and § Geminorum, and within the general range of accuracy 


^ ScMirdii^ to the Aniw tte knptudei erf th* * FwittiiJilc Iito" mmt bmn 55 dnjfwii wcf i of 

Gm-DTicb^ uul ta-iiH Eboat LIS wrat of bat Ihir (kv. IS) tstmt t* 

t^t Um ppmp Qi^rirfuka of Om Yrntrnum wn ISO degPEa from LftAkk 
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of the text, the Himimer soletice marked by Pomniraau corresponds to the 
%'erQftl e<juiiioi at II PiscluBa. There is, however, little doubt that at this 
period\ (A-D. 508) and for a coneiderable * time afterwards the ueceBsity for a 
fixed zero point was not realized; although it may have been known that 
the poaitiona of the aolstices changed. 

54. Anouur units Of MEASCBEMENT.—Strictly spedfing angular measure¬ 
ments were not employed at all. They appear almost to have been ayate- 
niatically avoided; and when the Oreeks, for example, gave an angular mea- 
fiurenient the Hindus gave a length. Whitney pointed out *■ many years ago 
^hat in the iSufya SuMAdnia at least the Hindus '* made no use whatever in 
their calculations of the angle." The nearest approach to a real angular 
quantity was possibly the Saura day. But they introduced the usually Greek 
nomenclature of ' sign ’ (raii), ' minute ’ {li-ptd or laid), * second' (vilnld}. In 
the Vedihga period, however, these do not occur—^the nakshatra (=&00'1 and 
the atkta, of which 124 went to the nakshatra, being employed. 

j&jna.—The names of the western zodiacal signs—Axiea, Tanros, etc.—were 
introduced with a double signification, namely as derignatmg particular portions 
of the ecliptic and as measures of any arc. 

Degree*, «ie<—The term for degree is bhdga or athia, and each of these 
words, like the origiaal Greek word means a ^ part ’ or ‘ faction/ 

The minute of arc is KpttI (GJt. X * n v o ) or iala, and this division appears to 
have been preferred to the degree, for nearly alt the actual measurement 
recorded are in minutes, as lengths of arc. The second of arc is oiiold or mliptd. 

Digit *.—The digit is employed in the theory^ of the gnomon and 

in measuring the diameter of the moon, particularly in eclipses. The hbtory 
of the digit as an astronomical unit of measurement is obscure.^ The PodcAo- 
SfddAdntilu seems to imply that it was one-fifteenth of the moon’s diameter, 
while the Suryo Siddhanta seems to make it one-twelfth, and on another oc¬ 
casion equal to 4 minutes of arc.* 

The vertical gnomon was usually divided by the Hindus into 12 aSgvhis 
or digits, but in later times 12 d^vidas or 720 minutes was sometimes the 
division employed. 

The term da^gla denotes usually a measure of length equal to 9fl digits 
or about 6 feet; but it also was used as an equivalent for a (24 minutes). 
The earliest Hindu record of measurements of star places employs d^cees for 
the measurement in longitude and hastos for latitude. Usually 4 Aoatos are 
equivalent to one do^^a but in these star measurementa possibly the ftosla 
denotes 49 minutes of arc and, since 24 digits equal a Aosta each digit would 
then denote 2 mimtte^, 

Tohfes of sines.—The PauHia SiddhatUa gives a table of twenty-four siuea 
which appear to have been obtained from Ptolemy’s table of chords. Insteail, 


1 jaoti, less, p, sae. 
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however, of dividing the wdiufl into 60 pan^ diJ Ptolemy, PoolMa divided 
it ioto 120 parta; for as ainfl = division of the radiua 

enabled him to utilise the table of chords without numerical change. Atya- 
bhata gives another measure for the radius (3438') which enabled him to ex- 
press the sines in a sort of circular measure, while Brahmagupta divided the 
radius into 3270 parts. The several atages are— 

(i) The ishordi of Ftokniy with rT=60 
(»t) The wnea of PmlUa with 
(«il The Ein^ of Aijabhata f=a438 
(w) Th# BioM of Brihi^BgopU with f=3270 

Denoting these Bevcral wne functions by sin J, sm B we have 

sin ; =h'd 2 0 , (i cb’d 2 6), ainS = | (t ch'd 28) where B. A, B and 0 

are the same arcs. In forming his table Aryabhata appears to have used 
the approximately correct value w =600/191, wMle Brahmagupta seems to have 
employed some convenient though rough approximation near to the value SJ, 
realising that this approximation in no way vitiated his table.* 

In the FamhasiddMtUilca the Paulita sines ace generally used, while m 
most of the later works the sines of Aryabhata are used. The tables of smes 
are given in sppendix hi (tabie 11). See also §63. 


Tiue. 

56. The Hindu astronomers developed a curious time lystem. Since, in 
practice they ignored precession they made no differentiation between the 
tropical and sidereal year. In the their astronomy almi^t 

wholly consists of sidereal calculations but later, except in the case of the 
rear, sidereal units do not seem ever to have been freely employ^. Then 
principal real units were the sorono or 'civil' day and ita subdi^ons, and 
the yeari but th^ introduced at a comparatively late date^ the 8<^called 
lunar day or tithi, of which thirty make a synodic month, and this became 

to a great extent thdr ba^ of reckoning. ^ 

In nearly all their works are found two sets of measures, one of which 
was actually used, while the other consieta of units that at 6rst appe^ to 
b.v. b«n cr»tri liiDply to MitUfy SigbU of iiiia*nu.t.oo It u not J.oys 
easy to distinguish these two sets, but we can. for example, class aa artificial 
the poro of 511,040,000,000,000 years and the fyuft of about 00003 seconds. 
At present we are concerned only with such nnita as were actually emptoysd 
for astronomical purposes. __ 

III t- .ipw-d » of Ow length el Di«ninfe«n» fi* 
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The modern SUTya SiddMr^ points out {s.i\\ 2) that practical use ia 
made of four .kinds of time, namely solar, lunar, sidereal and civil (sduana) 
time. Of these the so-called ‘ solar' and ' lunar * are not strictly direct mea- 
eurea of time but of arc, or rather angular motion, and are obtained by divid¬ 
ing the period of revolution by the angular tneasurc of the path of revolu¬ 
tion. ' They seem to correspond to the time degrees of Hypsides,^ Ibe actual 
unit of solar time is the solar day which ia obtained by dividing the length 
of the year by 360 ; and the < unit of lunar time is the titAi, which u the 
synodical month divided by 30. Civil or sdvatut time is based upon the day 
reckoned, generally, from sun-rise to sun-rise. 

The uses of the difierent measures of time, according to the Surya Sut- 
dh^nta (xiv, 3 — IS), are as follows :— 

^ofar rime.- — " The measure of day and night, the ah ad niTtiTpn h s * the 
solstice, the equinox, and the propitious period of the sun's entrance into a 
sign—are determined by solar time." 

I.muir time. — " General ceremonies, marriages, shaving, and the perFomiauce 
of vows, fastinga and pilgrimages, are determined hy lunar time.” 

Civil time. —" The time of sacrifice, the regents of days, the mean motions 
of the planets, etc., are determined by s&vans time." 

Days. 

I 

56. The sdvana day. —The fundamental unit was the sSvana or civil day, reckoned 
generally from sun-rise to ean-rUe,* and treated as a constant quantity. Brahmagupta 
defines the 85vana day as an ' earth ’ day, possibly in contradistinction with the so- 
called solar day. The sivana day, for practica] purposes, corresponds to what we 
call the mean solar day. The subdivisions commonly employed are as follows : 



SuMivtsVoitf of the day.* 

1 ripala*. .... 

. 0"4 3«coiid. 

IQ Tipdivi 

= 1 prana . , . . . 

. 4 s<!C!Diida 

60 vipalAd 

= 1 pala . . . , ■ , 

. 24 „ 

^ pobs 

= 1 kali . 

. 4S „ 

60 pilao 

= 1 ghati. 

. 24 mmutea. 

$ ghatiB 

= 1 uuhurta .... 

^ 48 

60 gha^s 

= 1 day* ..... 

* 21 hourly 

30 znolifirtBs 

= 1. 

24 

- —** „ 


* Dxmiuiii A iim il wr cub aemunt in the wkm the ediplkt ii erpnued jji 

cl Uu wdacjJ mcDtk See I S4. 

■ This term Ii ui A«tcf4ogkAL dm DCtMucted with th^ mbdiiiJiiDa uJ iijmv isto 

DOTODViH^ 

■ TIi 4 pmu Uk hATC vmrieA to some estenl- Tlu J^oJu S^dkSmia nckoticd IrDm umwt ta 

tP3 I, 8)^ uird tlkii wu Mima th« prurtk^e of Uf4 (FS IS—19}. B;uiihichJLnyA mkoood bus Ku-rwr ud 
finbnucitpiB wUhtUhod that priDtioe. 

* Th* ftppamt jolu d4j (poQD to iHkRi) tuIm b Uihgtli ap to 4 litUo piorti tbm tluee-qwtcci of a mtotitA 

Rcokciud loom to «iiii-nn Ibe tatuIIod would graerALIy In grtoier. 

* ton&f m for wpaK for jmJa, od^ Idt kihtma for mmkMa, 4 cl 

* Accozdmg to the gkMjAlo {1, 12) 4 cidmid dij. 
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Tax TiTHi,—Thirty tUkis make a syaodjc month and a itthi ia defined 
as the period tn which the difference in longitude between the moon and the 
eun increasea by 13 degrees. It varies in length from about 21 h. 34 lu. 24 
sec. to 26 h, 6 m. 24 sec. A sutojui day (24 hours) may therefore include 
a whole iithi and parte of two others and a tithi may ‘ touch three civil 
days.' TJus necessitates the suppression of some 13 tithi» in 12 synodic 

months and the repetition of sonie 7 tiihis in the same period. There are, 

however, indications in the early siddhintas that the variation in the length 
of the tithi was not noticed, or \»!is not considered of sufficient importance 
to affect the calculations. 

The tithi appears comparatively !atc in Hindu literature. It is completely 
unknown in the Brahnia^as, but the name occurs in the later Slitras.* * lo 

the Jjfotisha rtrfflrtflo the iitki rertainly is not of importance but a knowledge 

of it is implied. The earliest definition appears to occur in the Paulin Sid- 
ilhantd (PS, ii, 7 and iiv. 12), From the Ronuiia Siddhanfa onwards, how¬ 
ever, the tithi is an essential part of each system which is epitomised by 
stating' (a) the number of years, (6) the additional months and (c) the omitted 
fithis in a yitga or cycle. 

The origin of the tithi is somewhat obscure. As a time unit it is most 
extraordinary, and possibly it originated as an angular measurement of motion, 
like the solar day. 

The solar day.—The BO-calkd solar day, which is really not a time unit 
hut an angular measure, is hinted at in the Jyfaisha Yedaihga, is employed 
in tlie Pa'SchasiddhdttiiJcd and is largely used by PuU^,* It » obtained by 
dividing the length of the year by 360. 

The sidereal day. —The sidereal day is defined as a revolution of the circle 
of the stars. The subdivisions of the day are said to be based upon the 
sidereal day, but in practice they generally pertain to the Savana day. 

The lutiar day.—A day reckoned from moon-rise to moon-rise is lefened 
to in the Jyotisha Veddiiga and the number of the risings of the moon in 
the cycle of five years is given as 1763 (X366-'63), and this lunar day 
was therefore equal to i-]-31/384 sfivana days. With the coming of Greek 
astronomy it appears to have dropped out of use. 

Monts 3. 

57 . The solar month is the time the snn takes to traverse a dgn of the 
zodiac, and was probably at first considered as consisting of 30 solar days; 
but the Pavlik Siddhdnta points out the irregularity of the sun’s motion and 
gives the average daily motion for the several months as 57', 6?', 57', 57', 
68 .' 5fl', 61', 61'. 61'. 61', fit)', 59'. 

In the Jyolisha VedtUga the time of the sun in each nakahatra waa em¬ 
ployed as a unit, but the nakahatra scale was later on, partly, at least, 

replaced by the scale of signs.____ 

1 OoUiti arAfit Sstm, i, 1'* i ii, S’V ** s SastWiiaiHi . 25; t, a. «c. 

* isidia, iif 4i a 
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BIN DU AaTKOHOVY . 


The term wwf®- is an awkward one but the meaaare it 

denote* »*» time the aim remaina in & ^ign, is a ecientific one, and 

be^me' important in the later works. The months were eventually named 
after twelve selected nakahatrss (or i?i« iwsd) and an attempt was made to 
e&plain the genesis of these names by connecting them with the moon. The 
SL explanation ia « ioUows: 

tt The full moon which occurred when the moon was in conjunction with 
ChitrS was named Chaitri, and the lunar month which contained the Chaitri 
full moon was named Chaiita, and so on with the others.” A possible ex* 
1 nation that agrwss with the traditional one to a certain extent, is that 
the nomenclature represents an attempt to equate the nakshatraa aud s^na 
of the zodiac. 1^ times the name of the month is detenmned 

nlu*gethcr hy the position of the sun with reference to the zodiacal 


synodic month.—The synodic month is variously reckoned from new 
moon to new moon, and is then termed amdiUa, or iukiadi ; or from full 
full moon and is then termed pumi manta or It forms 


moon to _ L ■ I i 

one of most- important of the siddh&nta elements; but in later practice 

it is subordinated to the saura month, on which it is always made, more or 
less dependent. The lunar Chaitra may he defined us the omdnkt month at 
the' first moment of which the sun is in the sign d/iiMi (Fiaces) and in the 
course of which the sun enters Mesha (Aries) ^ 

The synodic month is divided into two portions (pofcsfta) called the bright 
half (jfcnsAna, hoAulo, etc.). The bright 

half ends at full moon and the dark half is from full to new moon. 

IsTEHCALATtcut.—Since a solar month varies from about 29 d. If h. 33 m, 
to about 31 d. 16 h. 28 m. and a s>'nodic month from about 29 d. 7 h. 20 m. to 
29 d. 19 b. 30 m, it is possible for two ^nodic months to fall partly within 
one solar month, and also for two solar months to fall partly within one 
*nodic month. In the 'former case au additional synodic month (odAinwija) 
^ intercalated j while in the latter case a ^'uodic month ia suppressed. There 
ftre normally 7 cdhitnama intercalated in 19 years, w'hiie one month is sup- 

oggafi at intervals of about 19 yeara. The suppression of a month is pro¬ 
bably a comparatively late refinement. 

Xbe early texts give the number of adhimSsas or months to be inter- 
(;tiUit«d in a cycle, hut make no reference to suppressed months, nor do they 
notice the vuriation in the length of the ^nodic month; and, although they 
record roughly the variation in the length of the solar month, they do not 


appear 


to have’ troubled much about it for calendar purposes. 


Tax SioxnSAL month. — ^The sidereal month is mentioned in the early 
oatronomital texts and in the Suryaprajflajiti it is employed as the basis of 
nakshatiB scale T but it does not appear to have been made much account 
of in any Hindu method of reckoning time. 




TIME. 
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TLe lengths of the Bjiiodic and adereal months (in miwno days) given 
in the several texts are as follows: 


1 

1 

Autheuritjr- | 

1 

j Sjnodk montli^ 

soatb. 


D*yi. 

Days. 

JyatiBk* Yedi^a . . * - ^ 

29if:zx29-5161 

aTj+=27'31 

KiutilyiB ArthaAtfjsfera _ . * - 

291 =29*5000 


Romaka SiddMuta , ^ - v * 

29-52037 

27-321601 

Old SiddhSata . ^ * 

29-030587 

27-321673 

Siddhaata * ^ - 

j 29 530587 

27-321673 


29-530582 

27-321668 





29*530582 

27-321668 

Biahniagapta . v . - * * 



Later SOrya Siddhinta .... 

29*530879 

27-321874 

m 

Bbiskva . * . 

29-53(K>87 

27-331139 

Appioxtoutely correct values . 

29-530588 

27-321661 


58. The Year.* — ^The year was originally tropics] but with the first formal 
works on astTonomy became sidereal. The difierence between the tropical and 
^dereal year is generally ignored. Of the so-called lunar year of twelve lnnaf 
months '* We know of no use made in India, either formerly or now, except 
SB it has been introduced or employed by the Mohemraadans ” writes WTutney. 

At the period of the introduction of Greek astronomy the year began 
when the sun was near C Piscium which then nearly coincided with the 
vernal equinox. This is usually tenned the Meaha saraiyanii, which means 
‘ the entrance (of the sun) into the sign Aries/ The year is still counted 
from the conjunction of the sun with the same star, and this conjunctioa 
is considered as a sort of artificial vernal equinox. 

The length of the year employed for calendar purposes difiers slightly in 
difierent parts of India and the civil year begins at varioua times and the 
first civil day is also determined by various methods. 

The year is still divided into the utfuf^yaiui, or period daring which the 
sun b moving northwards, and dakshina^wtt or period during which it is 
moving south. The uttaxSyana does not now begin at the time of the real 
winter solstice but at the nomii-al one (about January 12thl and simitariy 
the commencement of the dakshioayana b dbpbced. 


> Sw bIm iSB. 
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HINDU ABTROHOMY 


The various lengths of the year employed are: 


Period eiKa. i 

AiiUiQrrt^+ 

1 LcD^ta. 


Vedu . 

i Seo (But <H { S3, page 26). 


Jyottdu Vftdiiig., eto, . | 

^ see. 

f 

Panlija siddhanta « ! 

1 

ses d. 6 h. IS m. 3e »c. SeS^SSSTS Sidtnul. 

1 

A D. 400 to eooi 

Old SEiya eiddhanta . 

see A 6 b. IS m. 36 BH. = 365-25875 

[ 

Roznaka siddhanta 

365 A 5 A 55 m. IS aee. = 36S-S466 Tropical 



(Hijjpucbn.}. 

AD. 500 . 

iryabbata » 

365 A 6 A IS m. SO wc. ^ 365-25660 Stdered. 

AD. ess , 

firahmiLgiipta . . i 

1 

365 d. 6 b. 12 m. 9 «m. » 365-85644 „ 


Later Aiya tiddhinu * 

365 d. 6 b. IS m. 306 ^ 365>35e69 „ 

ad. 1160 

Bhaekara 

SeSASAlSoi. 9 » 365 25844 


* 



Later SOija aiddhaDta . 

365 d. e b. 13 ID. 36-56 365-25676 

AD. 191? 

Modem Brahma Bid« 

366 A 6 h. 13 ID. 30-9 = 365-S5869 „ 


dhauta- 



Approximately" correcM 

365 a. 5 h. 48 m. 45 98 = 365-34S199 TropiciA 


' vabee. 

365 d. 6 h. 9 A. 6-5 ^ SeS-SSeseO Sidenal. 


60 . Cycles or —The evolution ol the cycle or period of time (yt^) 

employed as a sort of major astronomical unit by the Hindus is fsiily defin¬ 
itely outlined. We have the fcrowing order 




6 yetM • . . . ^ 

2,850 years , * * . 

180,000 years 
1|030.000 years « 

4,320,000 yaats 
4,320,000 0CH1 jM» 


TVKlr 

Jyotisha Vedanga . 
AnhaAutrs . 
SUryapnjQapti 
Faitimaha aiddlunta « 
Romaka nddhiuta 
Early SeryaBiddbints . 

Later eiddhlntas , 
thabmagupU^ etc. 


Peirk«L 


^Up to about A,D, 200- The 
Paitimaha siddiiaiita usea the 
epoch of A.D. 80. 

d 

a' 

A.D. 400 


AJ)- 500 onwM^ 
AD. Gm „ 





















T nrBL 


ei 


a mftj be Doted that 4,320,000^.60*; 1,060,000^.60’; 180,000 =60.60* ; 
2,660=19 X50. Thhi last suggests a counexiun with the hfetooic e^de, and 

this suggestion is supported bj the feet that the Romaka SiddMnia also 

employs the tropical year of Hipparchus. 

. None of the cycles is of great antiquity m India^—all, except peihape 

the five year cyde, were imported with the western astronomy, but their 

history is not very dear. The Greeks had successively employed cycles of 
8, 16, 19 (Meton), 59 (Oenopidiis^, 76 (Calippus}, 2,484 (Aiistaichus}, 304 {Hip* 
parchus), 10,800 and 160,000 (Heraclitus), 120,000 (Orpheus), 300,000 (CassaiK 
dFus); and the Chsldeatt cycle was 432,000 years. The Greeks sought a period 
without fractioDS {exeligmos) and so did the Hindus.’ The earlier and smallBr 
cycles were attempts at recouciling the motions of the sun and moo'n only. 
Later the planeta were brought iuto the scheme and the cycles naturally be¬ 
came greater (1,080,000 years) and Eater still the revolutioas of the apsis and 
node of the moon being included necessitated a still greater number (4,330,000 
years); and later still the inclusion of the supposed revotutions of the abides 
and nodes of the other planets mvolved the still greater cycle of 4,320,000,000 years. 

, The subdivisions and multiples of the of 4,320,000 years have 

little astronomical value. Aryabhata and Brahmagupta differ as to details 
and, on this matter Brahmagupta, as representing the orthodox, cooi^miu 
Aryabhata. 


—- 

Ajj^hatL 

BfKTTlA^pifc 


Pariods. 


■ 

let Yoga p&ds . . - 1 

1,060,000 = 6.60* 

1,738,000 = e.flO* 


3lUi ,1 ... 

1,060,000 := 5.G0* 

1,296,000 = 6.60* 

Trflfla* 

3rd „ ... 

1,060,000 ^ 5.60* 

864,000 = 4.60* 


4th „ ... 

1,060,000 6.60> 

433,000 = 2.60* 


BUhaynga or Cliatufjiiga 

4,330,000 ^30.60* 

4,320,000 =20.60* 

M&hiyuga or Cliafcnr- 
yugi. 

Bdanvantara 

73 X 4,320,000 ^ 
311,040,000=34.60* 

T1 X 4,330,000 = 
306,720,000= 

TLOO-OO*! 

MauvixktiiTa^ 

Kalpa . p . . 

14 X 311,040,000 
= 4,354.560.000 
=336-60* = 

14 X 306,720,000 

4- 15 X 1,728,0(10 
=4 320 000 (NX 1 

a 


1008 (20.60*) 

^ 1000 (20.60*1 

K«Jt» . 


> TIm jraUiSonite (vi, ISB} nisn to Um HkS|ri>iK. Xioko ip«ak« of * tli« b»l]w of dMtiwitimi.* aod u 
hiBcriptioci of JLD. 100 mvntioiii tod tA ih« yogb. ^ F- Finr, JRASp lOll^ a. 4A0. 8» aIk p. 20^ 
* S« Takkut- L4 ^rami amjUe dm MSmeim wvti&ogM. iL ^ hbo 

■■■'a ot tbe ^hjbpf«r &Qfii Guaiaiu ' Fai dm mmmrnt W i ItAT 

K 
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BUISD ASTBOBOKT. 


Brahmagupta givea another variation wUch makes a hakpa 994 timw a 
mahayuga. & there ia a further extension employed called the mahaMfa 
or half the life of Brahma, equal to 100 x360 kalpaa =156,520,000.000,000 years. 

We are aappoeed now to he in the KaUyuga of the 28th Cbatuiyuga in 
the 7th Manvantara in the first Kalpa in the second half of the life of Brahma. 

60* Epochs.— The Hindu astronomers were not observers hut calcuUtora. 
Their text-books gave the necessary elements, and to find the positions of the 
planeu at any particiil« time they diT-hoT make and record observations 
and calculate from such observations, but calculated from a given epoch tha 
places the planets should occupy. Vataha Mihira gives as the working epoch 
for the Pait^maha SimaiUa, Saka 2==A.D. 80, and for the Ronvih, Scania 
gaka 427=A-D. 505- Brahmagupta employs A-D. 665. The modern Surja 
Sidmnta actually works from the begiuning of the KaU yoga, or 3102 BX-, 
while it and other texts also appear to work from the beginning of the Kalpa 
or even from their estimated period of creation, or nearly two thousand million 

years B.C- 

The following dates occur 

Kaiiyugs - 0‘ = B.C. 3101 = 3.240,000 of the chatuiyuga. 

Saks . 0 = A.D. la ^ 3,243.179 „ 

2 = „ 80 = 3,243,181 „ 

427 = „ 505 = 3,243,606 „ 

5S7 = „ 665 = 3.343,766 „ „ 

553 = 1031*^ 3,344,132 „ 

7Ae (t/iarjro8a* 

61(a). The term flAaryoan, or * sum of days* refers to a method of car- 
culating, by means of the number of years, intercalaty mouths sod omitted 
tithis in a yuga. the number of civil or advana days that have elapsed from 
a certain penod, when the y^rs, months and tithis, in which dates are gene¬ 
rally expressed, are known. The years are either sidereal or tropical (the 
difference being ignored); the months are marked by the entry of the sun 
into the successive signs; and the tithis are ono-thirtieth parts of the ^nodic 
month. 

The texts give the years (Y) in a cycle, the intercalary months (MJ in 
a cyde, and the omitted tithU (D,) in a cycle as the essential elements; 
and from these the other dements can be deduced as follows'.— 


Solar months 

. JL 

— 

12Y 

Synodic months * 

. . * . St 


12Y -H M. 

bidereal months . 

T * I- 9 i|g 


Ml -J- Y 

Solar days . 

, » . « 


30>L 

Tithis. 

, * # 4^ 

— 

3DMj 

S&vana or civil days ■ 

* D 

— 

D. -D. 


i Tl» v-Hj iT E ff b*([Ki Ut MUM t* Uiiw, m Ptidty, iSih Febniu; 3102 B.C.. Hcord^ Iq •vmt 
Mofdinq tP ll» pecCAdinc nudniglktr 

■ Thmdiyt Mth Fetifiiifjr —A.H* ®&tli StEaf. 
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« vt «iptiM tin imjB eycl* «lem«rt* hf c*pit*l lrtl«i (M *bflw) vnd th> tlenwnti for nj (Iren tim* 
bf mmmU. ktttn ire hm.v^ 


m, dj ,]>■ . 


d. D, 



9bP» 


(6) jF»fiJa*i m^kd FVliK *ho eppeui to be the obirf uiUkoritj ta ibMS oUooUHqeu, empls?. 

tlw foUoTicifl metliod ^ d\wmo ^; If fc 


A —^ I 


c/d 


thm X 3 


A c/a 


A- 


And 


Ae/d 


It ^ e/d B -f e/d ■ 


B 


eumpl#— 

A 


Win 


104,MM 


A — 


i04,0«4 A 


104,W 


070 


^ -p A/C000pMK> 

" ■ iji ..' * 


iL 


Ai3 


ea3?& 

00073' 


A/U1E73^ 
“ 1^1“' 


(c) AVvpa^ wHlhoMi bJMjM.—U Um timo tbu liH olopord tiium U» bopinaliig of • jngA w Ofclok 
(iwprrtwiil T 17 jr ’*™" b' ood d/dikta Uwnft^jo, ISj + m', {ti) m, 

■qiBW bnckot docwtei th*l tlw qtwttoBt ia to bo Ubtn, (in) =» Bi -t- !<■<, (to) d, SOb + d ' 
Wd, ^ [d< (P.>d^d,-d^ 

fxoaipIr^At tbo oKuiiaacciiMittt of 6«1 b (i.D. 10131 Fobiavr SMb) S,9M>133 r«>n »< Ibr 

fit X 3JU.13< K Ij93j3g 1 

obatof^ruc* bad pat wd, ud (i) nu ^ IS 8,444,13I» («1 mi = |_ fi),Mlb00O J” l.l9o,S» 

thu* 

Remitting iIm fnotioul peftkmji Cm-**} d| ™ 30 (It X 3,344.133 4* 1J#M30) " lptO3,7i3+770, 


Hd- 1,»S.7B3,S70—ia,R35i07» = UWWT^l 

■imiii oc oitil dnjit 

(d) BmAMOnpAi'e nh /or tkr tpoeX idta S37 {** A.D. 005}^ 

(|> di s 30 (It (j -F D]| 4- df, p tbe dnji of U» dele bei^ exprewd in aoUt liije (» etuMj pofDt^^ 


(fO Ok — (' 


d. + e —{d, + fti/HMsn 

- m 'J 


(ito) d( — 30 Bk di. 

(40) ^_[11di-(Hd,^y»D/lll.«T3Jj^ 


H d s» d| — do- 


* Tbe foUowliif Mllua u« aaploTod Jb.iIio oxomptM Wow :— 

= m *3^^ . ®. - aH^. SiL « arc iQwQ* . 

D, flM73' Y WOO’ Ml le«333«' 

See appettdli i. p. ISO. 



MIS 


1481 

OCOJ 


K 3 
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wiH PD AfiraoHoitY. 


TL. 4*7 » «W«1 ta <1* th* .pedi, M (S7 S'. ,M*nl.ljoD I* U- iuw- 

«»1«T BanllL. girt, ^ A' ''^ 

l]« <vDOb i. H (on**. ; .t tb. h^gUming <4 M7 T-i* o* *1* cb^ttiijiig. W eUp-d. «d 


Vbtudftyi 

(i) d. K 3 300 X 34*3|7M — M<7,7M*70C^ 


._. 371 X l,l«T,7O6.7*0 
d^UKkOOO 


78,13* 


4013 ^ r U*T.7».70O^T8.1»> 

60»“* L *78 


1 


idbiP^v 

M*«^l 


<t«i) laTT^NW^W + 30 X UwlStl — 1,303,847,4*0, 

(« — l^^ r - '“■"’ mw“■ [ " ^ ‘■”‘‘”"-!’ - wy )_ nsa?|, 


tww. MtkiM UtUi 

<•) 1,303,847,490— )B,*38j878= I,l*4i»l3i»l8* 

<•1 SftJmiivmjUd'M mitktd for odWiiiOiM,— r<»r y yiM m b*« 



(«i)iiK= nu-iii, ( 7 +^ -+ - to 

(10 p + twpttmistt tb« nils idrtii In ttw mt. 


Tha «bovo examplea iiM^cate the metlicMlB emplayad, but thejr &re not 
«xh&usttr«. The ptuctico varied and the terta ure rather unsatifliactoiy* 
Appareutljr the /EomaJbo iSiddAaiirfa u the earliest tejtt whioh gives such ele- 
monfa as D, H^, Bud D« Bod the aharga^ process, " This," Vsrftba Mihits 
says, '* is the method isf the siddhAata of the Greeks." 

6S. FascEsstOK.’—It hsB already been pointed out (|5a) that the initiBl 
point of the Hindu esleatial sphere is now considered as fixed st a point near 
% Pisrium; bnt VarSha BSibixa relates that, while in his time the summer 
solstice took place in Punarvaau {? « and ^ Gemincnum), formerly it had taken 
place in the middle of A^eaha (f i) Hydrss) and was then correct. This state¬ 
ment was made to elucidate an asuologicsl rule* reUring to certain aspects 
which are said to occur when (X^ ” 23” 20'1 -|- (\ — 23” 20'} M) or 180” and the rule 
and explanation imply that the amount of precession during the period was one and 


- NoM that d = 3^843,788 ^ — l,ia 4 ,Sia,S 14 dfi wbm* D =» l,077jSlTSOa ud 4,330gOQO, 

1 ?wwiAii via aIb dH^t wUb Id ^ wimh igfeiwiu e ilmld bi m«pd«. 

■ ^ X-Sl, Aim PB ilis 1-1; tIm ht ■aB^btataa * thA q| Cmmt * for Fboirwu 










rRfeCESBlON. 


es 

two tbiidfl nakshatraa or 23* * SO'. Immediately afterwards VarSha MiHra iaya: 

^Tien the de^reea of the ayana are in the opposite direction, the quantities to be 
added to the sun’s and m«n’s longitude equals the sun’s maximum dwlination." 
This is said to imply a libiation of the equinoxes, and this notion of Ubration or 
a modification of it appears to have been the theory generally accepted by the Hindus. 

The modern Sufyo Siddhdnta (iii. 11'12) says: "The circle. 

baa moved eastward, when the longitude of the sun, as obtained by calcula* 
tion, is less than that derived from the shadow, by the number of degrees 
of the difierence; then, turning back it has moved westw^d by the amount 
of the difference when the calculated longitude is greater. 

As Whitney points out, it is evident that the initial point of the spbeiM 
was regarded as ,the movable point and the equinox as the fixed one. Thia 
very curious idea' w’aa not peculiar to the Hindus, for Albbriini condemns Vaifiba 
Mihira because he “ had no knowledge of the motion of the fixed stars towards 
the east , . . “The solstice has kept its place,” be sayS. " but the 

cousteUations have migrated, just the very opposite of what Va^ Mihin 
has fancied.” The suppo^ tnotaou of the consteilatioti Ursa Major^, already 
referred to, is no doubt connected with the same idea. 

The rule for calculating the amount of precession is thia: (o) ” In an age 
(t.c-, 4,320,000 yeara) the circle of the astecisms nakshatra falls back eastwards 
ail ’hundred revolutions. (6) Of the reault obtained after multiplying the sum 
of days by this number, and dividing by the number of natural days in an 
age, (c) take the part which determines the ^e, multiply it by three, and 
divide by ten: thus are determiitel the degress of precession.” 

There are here three separate directions: (o) gives the period of revolution 

as 4,320,000 _ 7,200 yesrs; (t) directs us to find the fraction of a pevoJution 

flOO 

(the phase) at the given time and (c) states how the actual precession is calculated. 

The revolutions referred to are those of a point on an epicycle whose centre 
is at a fixed point on the ecliptic as deferent, and the radius of the epicycle 
is of the ladiiiB of the deferent. 

The angle subtended by the radius of the epicycle at the centre of the 
def^t is therefore approximately 11^ degrees. In one revolution of the epU 
cyde the precessiou is 4 X 17^^ and as one revolution takes place in 7,200 years 
the amount of precession a year is approximately 3d seconds.* Other texts 


1 P.fl^ ia, ». Tl» eolwiM bU* iapiVTxl pmUd -ibaM MWtw- st fUnitiia. aiU«)' 

B<«cb* Uelenm. p. W- See -lee AJWrSni. ii, p. SOS 

(IV p. t* 4 . m J«ri- ii. w. IS) sa, iii, s-io. wtiuwj *«• •» 

oi s£-a' 

* Ftolen; * viJm wu 3S HUAdh 
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appear to give 27 as the radius of the epicj^cla.^ BhSatara discards the Ubratioa theory 
and gives a oompiete revolution in about 21,636 years ora yearly rate of practically 

one minute of arc \ but Bhfiakara^s teachirg ou this point was not accepted by the- 
Hindu astronoBieiB and the libratioti theory seems generally to have prevailed.* * 


UiN&u Sian Lists. 

63. The determination of the position of the stars with exactitude does not 
seem to have interested the ancient Hindu asttonomers.* In eorfy works the 
brief lista of stare with celestial co-ordinates given are generally in connexion 
with the path of the sun and moon through the oakshatras. In each nakshatra 
the poeition of a junction star or yogatdrd was determined. ^ The Paiichastd- 
dhdiUikd mentions seven of these while the 5tirya Siddhdnla gives the position 
of 28, one for each nakshatra, and also of seven other stars. 

The PanchanddhSntikd record is as follows:— 

“ The yogatarS of EaimKi is at the end of the sixth degree and three 
and a half hasta* to the north of the ecliptic; that of 
is at the end of the eighth degree, and five and a half Auatas 
to the south of the ecliptic.” (XIV, 34l *' The two stars of 
PuNAnvASU are at the eighth degree, and to the north and south 
of the ecliptic at an interval of eight Aostos. The atar of Pushva 
U at the fourth degree, three add a half kastas to the north.” 
” Of liLKSuA the southern star is at the first degree one hast^ 
(south); so also the northern star of MAuag, the conjunction takes 
place in ita own field,* at the sixth degree. Of CuiTEl at seven 
and a half degrees, three hastav to the south.”* 


1 V***™ MiciyiK MUtSogm Imi fimiul Ui*! the rtM h*d Mt tWcfltotioP oi 8 degt»» tKt 

«uU 4 ittd loTwudi b S7S J»W. a, «SSJ Ab«H ITmu «wn»d ihe 

vJiHe mdiu occupied 1C dafi®** of tt* eclipti* wnd vtiw ^antK «■ fiaed. The imto ol Actiw wm 

•appoMd ta be 90® W ifl IflOO whldi rarntpoiwU io m at of 3*" * ?*•»*h*celiptM UieU.It«^D]<ia 
tuus g»rt the el«1e e rtdiue <A 4* IS'. Copemicn* lUmbed ibe tbeefy ol tnidd«ti<m end painted out tbot ibo 
Tooorde oppeuod to fodicoto » petelitent vimtioa ht the matum i tod it *•* not oatil theciiteeatlieeotnry ihet 
tie [epdority «■ iMetobliihed. “ The ootfaeifty of Tycho Bwh* w*i « pent thot the mm ttet of hii hoTiog 
igpond the pheoopwaeri of tfepidetloa wieaDSoient to Uy thic t^lre vhieh hnd heunted the pwbetoof Uns'e 
IM %. tl ouud y*nf* end po«fbly ttueh longer.” Dum, ffiAo p, 3SS. 

* Albiiflal {Judin L MS) thon^t Umt tho Hindm diecarered th»t the rml pieccdcd the coiliUc* of 

their eebolitwn in A.I>. 9«9 : nDd I • pointi oat Hint ” FeSltli^ th* eothcr of the SmeJt Jldnnw, enyi thnt in thn 
ye*r SB4 of the .^dtnhdia the reel eohAKe preqeded hie eeleDlntian by S* CO*, end thnt thk difTerenar will iaci«e«e 
in futare by noa tnumto eeery yeer,” ,8oe ileo Ootxsswicn X*wyr B, 33t, MS. 

1 Albeniid Wrttoi (It. S3)! " The Htodwe ew rery little iafwieed legeidin* the Ibtrd eteie. I wrier OMoe 
UfMe any o» of tbeni who hnew the eiiig^ eten of the hnnr etetion^ irom eyceight. end wee ebfe to point them 
ont to me with him Sttgem*' » ie., on the ediptM. 

> (toiee £4 adyidH - I *«*i end the dieaiet** of the moomrea rechciad ■■ 16 o«giiJto. end ite mMn dbmter 

n minatce (8S. IV. T) w« here ^kprarin^y 1 « t' r end 1 to«(s « 61' ir tongltly ; but powdbly 

1 tdifit'' wee Tii~~*** to meeeniu S rataotee. Aleo XT ■nJutomiu ocoupy 3S9® end oee idEtefoK ooeupMi 131 dejpwer*. 
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The Surya Sid^iittta gives tbe positions of the chief stars of the Dsksha- 
tras in terms of polar latitude and longitude.^ The Surya SiddMtUa stars 
are given in appendix »i', table 1. 

Hindu Astronomical Instruments* * 

64. The only instruments of practical utility for astronomical purposes 
described in ancient Hindu works are the sun-dial and clepsyiha* An armillary 
sphere is also described as an iastTument for purposes of demonstration. The 
only Hindu instrument of any antiquity actually found is the clepsydra, con- 
risting of a raetal bowl floating in a vessel of watcr,^ 

The following is a summary of those parts of the early Hindu twtts that 
deal with astronomical instruments, (i) The Clepsydra or Water clock is 
referred to in the Jyotiaha Vedanga, where the amoimt of water that measures 
a nddiJtd f=S4 minutes) is given* The more ancient form of water clock 
appears to have been simply a vessel with a small ortficG at the bottom, through 
which the water flowed out in a nddiM*, hut later on there came into use the 
form deacrihed in the Sarifa Siddhnuta (Xllt, 2S} : '* A copper vessel, with a 
hole ill the bottom, set in ii vessel of pure water, sinks sixty times in a 
day and night, and is an accurate hemispherical instrument.*' The PadcAn- 
siddhdnti&fi description* (XIV, ^2} is similar, but adds *' Or else a 
may be measured by the time in which sixty si okas, each consisting of isixty 
long eyllablea, can be read out.” 

A later description of the clepsydra is as follows: “A copper vessel, weigh¬ 
ing 10 pala», six a^ulns in height and twice as much in breadth at the mouth 
—this vessel of the capacity of 00 pal as fpf water, and hemispherical m form, 
is called a gka{i. The aforesaid copper vessel, bored with a needle made of 
3^ mdskas^ of gold and 4 anytiiati long, gets filled in one nd^iM'’ 

In practice, no doubt, the dimensions of the bowl and the orifice were 
determined by experiment. Bhaskara (XI, &) indeed says: " See how often it 
is filled and falls to tbe bottom of the pail of water in which it is plaoed- 
Bivide 60 gkafis of day and night by the quotient, and it will give the measure 
of the clepsydra*” 

(ii) The Gnomon*— The sun-dial described in the earlj* treatises U of the 
simplest kind, consisting of a vertical rod, or gnomon, divided into 12 divbiona* 
The descriptions arc of a theoretical nature, and do not apply so much to the 
couetniction of instrunienta aa to theoretical calculations* The PaiichatidMn- 
til-fi (XIV, 14-16) instructions ore: "Mark from the centre three times the 
end of the gnomon’s shadow, and then describe two fish figurea. Thereupon 
describe a circle, taking for radius n string that ts fastened to the point in 

^ See p*^ S3. 

* It li thit? iinly liiiLriiineiiit de«cribe4 in thr Jim-i-Akbari {Ed. J&nrt irtp 16 ]l 

^ j. Fleet TAe Jpciaix ft'a-er Cixt ]BI^ pp- 

lAy* Jyoiiaka Vtddit^ p. 

* Aboat W g^iui troj 4 EImI quole* niiDtber which give* tli* wndght m a. smmsrKa (»ia MrUIhuip tad 

length 4 drmwii out ronud o/ u^uofe, BiiiUkim mmp\^ (XI &} it ** ibouJd linti. * hole unred in itt 
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which the two atringa issuing from the heads of the fisU figuje« mtetBMC, 
and that b so long as to reach the throe points marked. On the gtveo day 
lue shadow of the goomou moves in that citcJe, and the base of the gnomon 
h the south^north line;and the interval, m the north direction, is the midday 
shadow/’ (III, 1-7) This means, mark on any particular day the extremity 
of the ahadow at three different timea—and these three points are suppos^ 
to lie on a circle, the centre of which is found (in the usual way) by the 
flo-called fiah figiires,^ 

The Sarya Sidihanta directions (III, 1-7) are more elaborate but relate to 
exactly the same type of dial. They ace as follows 

’‘On a stony surface, made water level, or upon hard plaster, made 
level, there draw an even circle of a radius equal to any required 
number of digits of the gnomon. At its centre set up the gnomon 
of twelve digits of the measure fixed upon; and, where the 
extremity of its shadow touchca the circle in the former and after 
parts ol the day, there, fixing two points upon the ciide, and 
them the forenoon end afternoon points, draw midway 
between them, by means of a fish figure, a north and south line. 
Midway between the north and south directions draw, by a fish 
figure, an east and west line: and, in like manner, also by the 
fish figures, between the four cardinal directions, draw the inter¬ 
mediate directions. Draw a circumsccibbg square, by means of 
the lines going out from the centre: by the digits of its base 
lines projected upon that, is any . given shadow reckoned. The 
east and west line ia called the prime vertical (^Jwo-ni<»(i#fl/b): 
it is likewise denominated the east aud west hour circle (w«wnn- 
data), and the equinoctial circle (wuilunm maii^ia). Draw likewise 
an east and west line through the equinoctial shadow {OTsA«™d- 
6Ad); the interval between any given shadow and the line of the 
equinoctial shadow is denominated the measures of fhe amplitude 

(ill) Amullasy Sphebx.— The Siir^ SiddhanUt (XllI, I-10) gives instructiona 
for the making of an elaborate armillaiy sphere: — 

"Let the teacher, for the instruction of the pupU . prepare the 

wonder working fabric of the terrestrial snd stellar sphere (hAuhha 
gola). Having fashioned an earth-globe of wood, of the desired 
sire, fix a staff, passing through the midst of it and protruding at 
either side for Mere; and likewise a couple of sustaining bands 
and the equinoctial drete; these are to be made with graduated 
dividons of d^iees of the circle. Further, by means of the several 
day-radii, as adapted to the scale established for those other 
circles, and, by means of the degrees of declination and latitude 
marked off upon the latter, at their own respective distances in 


1 * fiih i|cun * II oomram of tro cinivi. 
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ilecUnatioa, according to the declination of ATti.4, eto., three bands 
are to be prepared and fastened: these answer also inversely for 
Cancer, etc. In the wme manner, three for Uhra, etc., answering 
also inversely for Capricorn, etc.: and, situated in the southern 
hemisphere, are to be made and fastened to the two band-suppor" 
ters. Those, likewise, of the aaterisius dtuated in the southern and 
northern hemispheres, of Ahhijit, of the Seven Sages {Sapfarahayas} 
of Agastya, of Brahma, etc., are to be fixed- Just in the midst 
of all the equinoctial band is fixed. Above the points of inter* 
section of that and the supporting bands are the two solstices 
(a^na^ and the two equinoxes (lasAutnf). From the place of the 
equinox, with the exact number of degrees, as proportioned to the 
whole circle, fix by oblique chords, the spaces of Aries and the 
rest; and so, likewise, another band, running obliquely from solstice 
to solstice, and called the circle of declination (Irdn/i) : upon that 
the sun constantly revolves giving light: the moon and the other 
planets, also by thdr own nodes, which are situated in the ecliptic 
{apa mandaia)t being drawn away from it, are beheld at the limit 
of their removal in latitude (viksAepa) from the corresponding point 
of declination. The orient ecliptic point {tagna) Is that of the 

orient horizon; the Occident point {astamgachhai) is similarly deter^ 
mined. The meridian ecliptic point {madhyarno) is as calculated by 
the equivalents in right ascen^on {}aHhodayaa)t for mid heaven 
(AomodApa) above. The sine which is between the meridian and 
the horizon {kahUija) is atyled the day measure {aidyd), and thu 
aine of the sun’s ascensional distance (cAetrodofa) is to be recognised 
aa the interval between the equator and the horizon. Having 
turned upward one’s own place, the circle of the horinon is uuuv/Ay 
of the sphere. As covered with a casing (msfral and as left 

uncovered, it is the sphere surrounded by Lokftloka, By the appli- 
cation of water is made ascertainment of the revolution of time. 
One may construct a sphere instrument combined with quicksilver; 
this is a mystery, if plainly described it would be generally intel¬ 
ligible to the world. Therefore let the supreme sphere be con¬ 
structed according to the instruction of the preceptor. In each 
successive age, this coostruettou having become lost, is by the 

sun’s favour again revealed to some one or other at his pleasure,” 
(ivj Other iKSTRUMlNTa.—’ So also,” the text continues, " one should 
construct instruments (panfwts) for the ascertainment of time. 
When quite alone, one should apply quicksilver to the wonder 

causing mstrument.* By the gnomon stafi arc 

fdAatius), circle fehaibu), instruments for taking the shadow of 

• &« tlu) ^iiUXdate zi W-SL The iiulnmielit k[ip«ua to t* kpeifeta*! mottSfl dikchiiir, vaicli coa- 

■btoor k vh«J wRi SoUdw (r ■ptAw, vhiflii •» filbd »Uh mivary. “ The wheel tbM filled wilf, wbeu 

IlMced cm ao ext* Hipport^ hj two potte. molve of iUcIL" 
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various kinds By ^water Instruments, the henikphere 

{kapdia), ete.. by the peacock, man, monkey, and by stringed Mod 
receptacles, one may determine time accurately. Quicksilver-holes, 
wstCTf and cords, ropes and oil jnd water, mercury, and sand are 
used in thefse: these applications, too. are difficult ,.*,***- So 

also a dial (narajpnira) is good in daytime* and when the sun 
is clear.” 

Such is the orthodox Hindu text relating to inatrumente. Nothing of 
material value appears to have been added to these instniotions until the 

methods of the Yuvanas were inteoduced, by Maheodfa Sdri and others; but 

Bhfiskara claima to have invented an instrument called Phalska Yantra,* 
wMchi he Bays» is an excellent instrurEient, calculated to remove always the 
darkness of ignorance and la the delight of clever astronomers.” Tliis inatru* 
ment is simply a board divided by horiisontels into W equal parts. At the 
centre of the SOth graduation from the top. a pin, or style, is placed perpendi* 
cutar to the board, and round it a circle ia drawn of radius =70 diviaiona* 
which is graduatotl in ghat is liegreiKi, and attached to the pin is an index 
arm [pa|tika). The instrument is suspended by a chain, and is used for obser¬ 
vational purposes. It is in fact part of a very aimple astrolabe. Bh^skara did 
not seeiti very pleased with his instmmeutp for, he concludes (XI, 40) by 
saying ” But what does a man of genius want with instriimeiits, about which 
numerous work'H have treated/ Let him only take a staff in his baud, and 

look at any object along it. coating 'hia eye from its end to the top. There 
is nothing of which he will not then tell: its altitude, dinicnsions> etc.' 


* OiitipAn llu * bftlniKr Ki^f^arM flu F^ascAMi? ’ ikvirtilwl bj Oeumsili du Aptr p* 
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Mathematical astronomy. '■ 

65. Ttie foliowii^ notes are the result of an attempt to Bummariae, with 
the aid of modem niatheinatical foimube, the more techiueal portiona of the 
classical Sanskrit astronomical texts. 

The texts dealt with ate the Jrtjohhutit/a (a.d. 4fl8), the PaAchaiddh^n- 
tiid (circa a,p. 650), the Br^ma^phutmiddJidnia (a.d. 626), and the later Svrpa 
Siddhdnta (circa a.d. 1000). The period cohered, it will be noticed, corresponds 
pretty closely with the period that was characterised by a remarkable rennais* 
EsDce of literaiuTp, art and science in India \ and the following paragraphs indi¬ 
cate in a somewhat forcible manner, but, of course, only in part, the scope 
of intellectual activity in India in that early time. This summary may 
indeed, be l(H>ked upon as an aid to the study of . a particular intellectual 
phase of that period ; and this anriUajy function has partly determined the form of 
presentation of the material. 


.Spherical Trioonomettby, 

Although no formal spherical trigonometry is exhibited In any teat, the 
early Hindu astronomers were obviously aerjusinted with principles that enabled 
them to solve spherical triangles. This statement, however, requires some quali¬ 
fication. The Hindu school of mathematicians preferred to deal in lengths 
rather than angles; they had no geometry of angles; and their rules are in 
all cases stated as result a without reference to the methods by which they 
were obtained, and these methods are consequently buried in obscurity. As 
these ancient astronomers were chiefly interested in results it is possiblti, if we 
assume that they obtained these results from outside soiirceB and were not 
interested in the mathematical principles involved, tb conceive that they were 
not acquainted with.those principles; but the assumption is rather a strain, 
as there are too many formnUe ba.»(ed upon the spherical triangle to be es- 
plamed away. We may therefore certainly aay that tiacsa of the principal 
formulm of spherical trigonometry are found m the Hindu texts.* Oh the 
other hand there occur indications which point to some lack of a knowledge 
of the mathematical princifdcs involved, and we may certainly say that these 
principles were treated with a certain amount of indiflerence. In several of 
the astronomica! rules summarised below there arc then at least traces of the 


following rules of spherical trignonometry 

(i) coa c = coe a coa & + ^ h aiu h cos C 

(ii) sin A sin c ~ sin o rin C 

(iii) cofl A sin c == cos o cos fi — tana cos b cos G 

where A, B, C are the angles of a spherical triangle, and u, i, c are the 

corresponding opposite sldee- ________ _ 


* Thi. d-lA«r Ji«t in th- (*< diMk (jf Wi®. 

BmCXmCmi. Voriawpflt twel«»i*dw p. 41. 
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TBs Indian aBtronomera empkiysd the eine function principallj'r and the 
veraed eine ( = t — cos a) occaaionelly; thcj never employed the tangent func¬ 
tion ; and generally, but not always, preferred to emplov the sine of the com¬ 
plementary angle rather than the cojine functioiL 

In tranelating the Hindu rules into modern notation it must be borne in 
mind that the Hindu sine function ia a length, not a ratioand denoting the 
Pauliaa sine by sin P, the Aryabhata eine by sin A, the Brahms^pta sine 
by ain B and tbe modem sine by ain a, where the arcs P, B and a are 
the aarae, we have 


^ P 
~P 


an A 
a 


«n B 

~r 


;= sin a 


a, p and b being the Aryabhata, FaulUa and Brahmagupta radii, measured in 

different units. When actual values for the sines are given, which is very 

seldom in the texte,^ we have 

sin P sin ^ ain P 

- =s — — “ = »wj o. 

120 3438 3270 


66 . It should also he borne in mind that the rules are always eipressed 
fully in words, and that the more compLicateti formulse are built up in atagea. 
Here is a fRirly typical example * in which the stages are marked A, B, C, 


etc. 

" {A) If the radius be multiplied by a given shadow and divided by the 
corresponding hypotenuse, the result is the sine of the zenith distance. (B) 
The square-root of the difference of the square of that and the square of the 
radius is the sine of the altitude, (C) which multiplied by the radius and 
aivided by the sine of the co-latitude gives tbe divisor.’ fD) Multiply the 
latter by the radius aud divide by the radius of the diurnal circle and the 
quotient h the sine of the tiniuUa ; (E) this, then, being subtracted from the 
day measure and tbe remainder turned into arc by means of the tables of 
versed sines, the final result is the hour angle.” 

The operations indicated are ; 

(A) sin X fsfBf (B) ain f&O'* —► a) = — A^t 

(C) tB / ain ISO" — ^), fD) r€ rcoa *, where rcoa 8 is the 

' radius of the diurnal dtcle,’ (E) r -f rtan 9 tan 8 — A where r + rtan? 
tan 8 is the ' day measure.’ 

This means 


versln A = f + r tan 9 tan 8 — C/coa 8 

= r -I- r tan 9 tan 8 — rB/cos 8 cos 9 

f + r tan 9 tan 8 — r coe t/coe 8 cos 9 

or cos A = cos 1 1 cos 8 cos 9 — tan 9 tan 8 

when r = 1 . 


' The PdBlOa SUdiinl^ f PS.^iv, fpwtm uu 24* - 4S' 4^. tvliUc the Sir^ (U. SS) glTM fin 24* 

sx ISVl', tit maUtni (atiiia O-KMT Afftraxini^wlr. New -4067 x 120 • 484*04 mmI '4087 x 343' 1383'2“ 

£«« klM I M. 

■ iViM Sarya 37-3S. Pci' 88(4) Iv, beknr. 
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Definitions. 

67. (a) la figure 1 the horiaou (^AiW/a) is represented by the equator («ts4u- 

vadvriao) by EQ, the pole U P, the tenith (dfi’s) Lb Z. and FOR is the diurnal path of a- 
star. The angle PONs^ZOQ — p is the terrestrial latitude (oAsha) of the place 0, the 
angle ROQ = * is the declination (Afow/O of the star and the angle EOF ='«, is its 



amplttnde when on the horizon. The circle PGE, passing through the pole a n d the east 
and west points, is the ao-called ‘ six-hour cirde ’ (unmaa^laJa). 

Denoting the radius QO by r we have 

(i) RC — r C(« 6, the * day radius' {dina%yafadala) 

(ii) CD — r flin 6 tan p, the ' earth sine ’ 

(iii) sin n. = OD/OF = sin }/coe p 

(tvl ifD = r coa 8 + r sin i tan p = r cos 8 (1 + tan p tan 8) where 
(1 + tan p tan 8) is termed the * day measure ^ 


i 



(v) Bin GCF = CD/CF = CD/RC = r ain 8 tan p/r coe 8 = tan p tan 8^ and 
6CF ss A a is termed the * ascensional difierence * (dbtraj.^ 

' At ig^riM uiB boor aafle MCF » SO' ■(■ A «, omAb— wnAa- — tuptuS 
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(5) In figure 2, NES is the hurieon^ NZMS is the meridien ^yamyoitarav* 
fiita), QKE ifi the equator, ZE b the prime vertical {itnmftman^ala) ; X is the 
positioD of a star, and MXF is its diurnal .path. The angle ZPX — A is the 
hour angle (ruita), the arc XSH =9 la the azimuth, ZXP ta the parallaetic 
angle, NXS is the soK^lled ' circle of position,* and NXP = £ is the aksha 
vatana, or ‘ defiection due to latitude.* 

iz) In figure 3 , R representa the equator and C T L the ecliptio (npa- 
The point f lb the so-called ' first point of Aries.’ The sun moves 
along the ecliptic in the direction TdA. The circle PXP* is a declinatton circle 
(ArdMtVfitto) through the star X, und KXK' is a circle of latitude (ctAshepu). 
In some Hindu texts rn instead of Td is termed the longitude of X, and 
X(t instead of Xd is termed the latitude. These are sometimes called the 



fif. 3. 

'polar* or 'false* longitude and latitude. The obliquity u = £ T b only 
indicated as the maximum declination of the sun, or LR, and b generally 
assumed to be 24 degrees. Denoting the true longitude f d by X and the 
ialae longitude T o by X', and similarly the true fdr) and false (ox) latidudes 
by p and p\ and the angle f ah by A, and noting that the angle of n X' 5 
= and r ba = 90' and also T d c = 90*, we obtain from the spherical triangles 
•fttb and xda 

(i) tan A ^ cot ei/cos X*, (ii) sin A = sin ^/siu fi'. 

(iii) ain X — X* = tan fi/tan A. 

(d) In figure 4, OA g represents a vertical gnomon XO$ and 

SOW are the north and south and east and west lines through the base ot 
the gnomon. If OF = e b the equinoctial noon-day shadow (tnsAttt''adAd) for 
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northern latitude 9 . then FG, parallel to OW, is the locos ot the equinoctial 
ahndotr, and the tine BO = s represents the shadow at a time when the sun's 
declination is south. Draw BH parstlel to NS and denote BG hy A* then 
BH = A e. The tine BB = j.aio 6 is termed the bhuja, BC = s.cooO the 
ioftt and or A = s>sm O^e is termed the agra.^ The angle FAO = ^ 
and BAO = z. 


Rules and fboslems, 

€> 8 . In this section we summarise the principal rules given in the 
• sidrlhftntas. 


A 



Jli- 4 . 

(а) The gnomm. —From figure 4 the following are obtained :— 

.(ij Angle CAO = 3 * + 9 — * 

(u) „ FAO = 9 

(iii) tan 9 = OFfOA = e/g 
(!v) sin a = BO/BA = e}H 

(v) 008 z = AO/BA —gfH. 

(б) The hour angkt aamtOh and zenith di^tice .—In the triangle XPZ in 
figure 2 we have ZP = SO*'« 9. JSTP ^ 90 * — B. ZX ^ z, ZPX = k and XZB 
= 360 * — a. From fonuolse i-iii in paragraph 65 we obtain 

(i) cos s ^ 9 ein S -j- cos 9 cos B cos A 

(ii) sin a sin X — — cos B sin A 

(iii) cos a aio z = cos 9 sin 3 — sin 9 cos 3 cos h 
and from these we get 

(iv) cos h — cos x/cos 9 cos B — tan 9 tar* 3 

= {gfH cos 9 — ^ 3 sin 9 /CO 8 9}/cos B 

(v) cos o = sin 3 /sin a cos 9 — tan 9/tan s. 


vIhb B h noetb of 3IF (tbe pQ*ni*« tA b« Ukn vlmn it it mirtb of FQ}. 
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At the moment of rising since z = 90“, we have from (iv) 

(vi) cos h = — tan 9 tan S 
or, if A^ 90 “ + a a we get 

sin A a = tan 9 tan 8 

witere A « ia called the ascensional difierente {chara or Variable’i). 

^c) Dedinaticm and lon^ude.—ln figure 3, if a is the position of a star 
on the ecliptic then T a is its longitnde X, its declination S = o&, and its maximum 
declination w =£ LR or £ ‘ Solving the right-angled triangle ^ ab we have 

ain £ = sin a h sin a 
=sm (t» sin X 

(d) To find ihe zenith distance taAen tie star is on the prime verficaL~^U 
the star is on the prime vertical, that is at x in figure 2, then a = 270 ‘ 
and cos a = 0 and from (t) (i) and (iii) 

CoS z s sin 8/ sin 9 = sin X sin et/sin 9. 

(e) The fcotiosaafct.S—Again in figure 2, if SH ^ 45“ then a = ISO® -f 45 

and uos a= andfromthetriangle AP2ior5(v)a’eget 

sin S = CoS z sin 9 + sin z cos 9 cos a 
= COB z sin 9 — sin z cos 9/9^2 

or cos* * z {2 tan* 9 1) — 4 tan 9 cos z sin S/ cos 9+2 sin* S/ cos®9 — l-O. 

Substituting in thise/g for tan 9 and sin a, for 8iQS/cos9, and eolving for ooaz, 
we get 



if) The ojrd.—Substituting sin o, for aiti S/COS 9 , tfH for sin z, and g/J? for 
cos z in (6} (v), we get 

(i) a cos a + c = /f sin Oo. 

For the point B in figure 4 we have 9 and z both positive, S negative (which 
makes sin a, negative), a = 90 '’ + BOH and cos o = — sin BOH, 
Consequently (i) becomes s sLu BOff— « =. H sin But sin BOH = 
BG-^GH)fBO^{A-^e)fA and & ain BOH —e = A. Consequently 

lii) A = H sin si ff sin S/coa fp 

where A is the ^rd which msy be defined S 9 the perpendiculur from the 
extnemitv of the shadow to the eqaiuoctui] line. 

(jf) The dfikshepa. —The central ecliptic pointy or point on the ecliptic that 
ia 00 degrees from the horizon is termed the point’or trihkona- 

lagna or i$Urihh^^ and the sine of ita zenith distance -(O w termed dfikshepaf 
and its eoaine driggati. The rule for the dfikshepa or sin is evolved thus: 
In figure 5 where T ff le the ecliptic, E the equator, EHB the horizon, 
ZMB the meridian and A* ’the nonagesJmjii, w^e have H H =90 degrees 
H ^ E =^ and EH =t 90®,— 9. From the triangle HE we obtain ain 
HE Bin T EE= sin T f/ sin H r E, qt 


* Of cnljr uid (tH) erpikUfy In th« 

* i iii, 7 i, 
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(i) eln ai = aln 7^ sin ^/csos 9 , 

where Ot denotes the amplitude of the rising sign or lagna (ffj and J, denotes 
its longitude (Tff), Also ME - SA, ance £5 =00* and SA ^9ff and there¬ 



fore the angle MZN ^ <»i. Now in the triangle ZMN wc have AlZN - a, 
2 ilf — z, and the angle ZNSi = 90"; and consequently sin ZN 
^ sin ZMN sin ZM, or sin a, = ain ZAf Aq sin z. If now ZMN be conaideted 
a plain triangle we have ain ZAf A* = cos MZN = cos Oj and finally 
(ul sin a, — sin a cos Uj 

=v/Hb*z — MD** lun^ 
aa given in the teste. 

(A) TAe rolana , — In figure 6 , NES is the horizon, CX the ecliptic, A X*S 
is the circle of position of A, £ is the pole of the equator and K is the 
pole, of the ecliptic ; PX = 90“ — » is the hour circle of X and XPZ — k 
is its hour angle, Z being the zeiuth; PN = 9 and PK — (*. , 



According to the PavUia Hddhanta the wfono or angle of position of the 
point X on the ecliptic is the a ngle NXP = I,* but later siddh&ntas more 

* Appkmtij withwtmraao* to Uw 1= td, tlw * pot** Imtodi I 
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conectly imply that it is the angle NXK = S — m that ifl, tho angle between the 
circte of paaition and the circle of latitude, or, what ia the same thing, the 
angle CXE' between a eiide (JTF) patalld to the prime vertical and the 
ecliptic. 

In the triangle PXS rince KXP = PK = u, KX =90^ and XP 
s 90” — 8 , we have 

{i) ein x = an PX sin XKPf^n XP 
rin u sin (90” + X )/<5ofl * 
and in the triangle liXP 

(ii) sin € = ain PNX sin 9/ cos 8, 

for which the text substitutea sin A eJn 9 /coe i. The angle NXP = 5 is termed 
aksha valam, or * deflection duo to latitude," and the angle x ia termed dyana 
vofrtftct, or ' deflection due to obli^^tdt^.’ 

(i) The rffifcarfjMi and pianrfoiy conjunctioM, By some of the later Hindn 
astrotiomera the subject of planetary conjunctions is conridered. Tvi’o planets 
are said to be in conjunction when they are oa the same circle of potdion {that 
ia on the same secondary to the prune vertical), and on such a circle the 


I* 



f'x-T 

stars rise and set siinultaneoosly. Unless, however, the ciide of position coin¬ 
cide with a circle of latitude, the two stars cannot have the same true longi¬ 
tude, and it becomes necessary to find the longitude 'of the point of inter¬ 
section of the circle of poeition with the ecliprio, when the true longitude of 
the star is known. 

In flgure 7, x*a is a portion of the ediptic, and aX and z'X are respect¬ 
ively the circle of latitu^ and the circle of podtion through the heavenly 
bo<^ at X. The problem is to find the longitude of a/ when that of a is known. 

Let xdh be the day circle of the point a and' the point of iatecaection 
between this day circle and the circle of position, then the first step in the 
solution of the problem is to assume that ax is Buffidently nearly eijual to 
x'a for the purpose .in hand. 



AS(7£KSlOirAt DIFl'EBENCK. 




Draw the decUuation ciicLes Px, Pa, Ph thronigli the pointa a, and 
the East cutting the day circle in h, and denote the angles aPb and xPb by 
^ and ^ 

We have xo = vh — nh, and it may be noted that at the solstices aX and 
aP coincide and ab dieappeara. The procese o( determining ab is therefore 
called d^fiadf»itama ; while at the equator aX and P6 woald coincide and 
then ah would disappear and the piocesa of determining is termed ahihadfi^ 
karma^ 

(i) jJyo»adr»Jtan)W.*—The angle PaX between the circle of decUnation Pa 
and the circle of latitude oX is the ayanavalana (see (A)) and we have 

Bin ^ ^ dn oX sin PaXfdn FX 
— sin ^ sin k/cos B. 

(ii) AksAad^iarma . — ^The angle PaX ia nearly equal to the akshavalana, 

and sin ^X =; sin hX/sin Xzh and hX = the polar latitude, eo we 

have 

sin ^ ~ sin aX sin PaX/dn PX 

= sin ain ^cos i ein Xah nearly, 

and at the horizon the angle Xah ia equal to the ceJatitude of the place. 


The ASCENSIOIfAL diefeeknce. 

69. At the equator, where the horizon ia at right angles to the equator, 
the apparent daily paths of the stars are circles at right anglea to the horizon, 
and we have npAf oacensumA; while at the poles the apparent liiaily paths are 
parallel to the horizon j but at any other latitude (?) th^ are inclined to 
the horizon and wa have oblige oscensioBS. The Greek astronomers paid con- 
sldetahle attention to the relation between right and oblique ascensions and 
determined therefrom correct rules for the calculation of the length of the 
day, rules and tables connected with the rismg dgn or ascendant or horo¬ 
scope, culminatiDg signs, and problems in which the sun s declination and terrea- 
trial latitude were involved. 

In figures 8 and 9 the horizon is represented by AC, the ecliptic by Ct 
and the equator by At, The arc Xr is termed die ascensional equivalent 
of tC, the arc rA being that portion of the equator and rC that portion 
of the ecliptic that rise in the same period. At the equator CB ooincLdos 



M 3 
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with CA and rJ = tB is the equivalent of rC Id right aacenfflon, or the 
right co-aacendant; for the latitude 9 the equivalent b oblique aecension for 
oblique co-aacendant) ie t A^ end AB b the aaeeimorutl di^ermcf^ 



■FiJ 9. 


In the trianglea tABC we have rC = X or 360® — K CB —9, the angle 
vItC = », and the angle ACB = 9 ; and consequently 

(il sb tB sin o, = gin X cos w/cos S 
fit) am ^ J3 — sin A a ^ tan 9 tan 3 

(iii) = Uo =s o, ^ Ao 

where a, denotes right ascenaion, oblique ascension, and Ao ascensional difference. 

To calculate the time of risbg of any particulfir sign we have 

(iv) f, =; (i„.) - (A«, — A(I_|) 

where f, is expressed m degrees, and » refers to the n'* sign accordbg to 
the order given in tables 9 and 10. 

The Siddk&nta gives the ' ascensional differences in the form 2Qe, 

6 e where e is the equinoctial noonday shadow. Brahmagupta similarly 
gives 19e, 16^, 6e. The only table of oblique ascensions appeara to be the 
very rough one b Varilha Mbira's Bfihaj Jdtaisi j the later Surya SiddhUntn 
gives right ascensions, but none of the early Hindu texts appears to give 
correct tables for oblique ascensions or ascensional difference?. The fairly accn^ 
rate tables given b tables 9 and tO are tahen from AbU 'Ali al-Matrakoshi 
(13th century). 

70. Tue lagna. —The point of the ecliptic on the horizon (horoscope, 
ascendens] at any tbie is termed the hgm. Its determination may be ex- 
plabed bj' an example. Suppose that 7 boms IT mbutes has elapsed abce 
sunrise at a place whose latitude is 36^N., and that the longitude of the sun 
is 42 degrees. The table of oblique asceusioas (table 9), converted into time 
units, gives for btitude 36^ 

f, ^ IT-®, /, = 1^ 3i“, tt = I* 37“, f* =3 2* 21 t, = 2^ 2a*. 

Sbee the sun has advanced 12 degrees mto the second rign we have ffrEt to 
find how much oU baa not been used up. Thiais (1* 3l“) X (30"— i2“)(30" =63 
minutes approximately. ?, 
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Now 


7* * 17' = 55* + 1* 37" + 21* -{* 4“>. 

the Ust term being less than The time then coueeponda to some point 
in I, (Leo); and 


x/ZO = ( 2 ^ 4 “)/(i? * 28 ") 

gives z ^ 25** a' the longitude of the lagna is approxinmtelj 4 ^ns 23 degrees 
a acutes. ^ 

71. Length ’ of da Y.—The difierence between the length of the day and 
night is equivalent to four times the angle 6CF in figure i, when FGR Eepreaents 
the path of the stm, Now sinGCJ’ or sinAa has been shown (| 5(o) v) 
to be equal to tan? tan3. The length of the day in hours is therefore 
(180° -b 2 da)/13 and in ghatis it is (180° + 2 h a )/6 where smOa= tanf 0 
taoS, and for the longest day ainia = tan? tans>.t This rule is given 
by Paulin (P.5. iii, II) and Brahnugupta, and Ajyabhata (N 19) notes the 
oonneEion with the ' six hour circle.** 

No tables of the lengths of days are given in the early Hindu texts; the 
following is taken from Abh *Ali al-MarrAkoshi^ 


Lm^igest days for cfi^yerenl iatitudes. 
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Tue planets. 

72. All the planets, mduding the sun and moon, are supposed to have 
the same absolute daily motion of about 12,000 yojanos. The orhit of the 
moon being known, the orbits of the other planets are found by {orrbit o/ mam) 
X RmfRyi where K. and Rp are the revolutions in a cycle of the moon and 
the planet respectively. Whether the elements for the moon were obtained 
from parallax observations or not is uncertain, but there is no direct evidence 


^ Thctic (ol 380) calcuSmbd w ^ litgroicape ' m Ibe but with relmooe to 

AppvteiiUy thuR Kinifna ^1(1 At tuy tiisF doploj tfcipcwA^ * fliifAiHiiM or but pen ^ISirinl (Imto L 

338)i «]lO' thi* iqterppbbi 

t In modem nolAtifin coiA » — t&n 9 tnii 3 vim WH k ^ of th* dwj Ib hiaam 

*The J^fotu^ lulfl iBi — 

of ddjr It ± S mnh^TtAi 

where n b tbe munbti of oonnli^ rrom a te/bxksm. The longtit dpj m thweforv 18 tnahAnAfl & lA hmu* tA 
tsJiLtiUfl, the lAuiftAPt dAj b It Dish^rtu V t houn 34 nunnlcfr the deil^ incrtAH iit^6S mehOirtAfli » I mienUi 
81 K«wdA Tfajfli Poi^mitk& 1^1 ptlkA ( ^ 10 hcmn 34 miimtei t4 iecnfidi} Iw the ibortfcil tiej 

And 3 pelAp for tho dillj Inmue. 
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of Huch observations. The foUowuig table is based on the elements of the later 
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in terms of that of the moon- There is Uttie agreement as to the values, 

fiotne of wliich axe shown in table 4. 

The mean motions of the planets are sho^ in the form of the numhcr 
of revolutions in a yuga or eyde. Foe example,* Aryabhata gives the ddeteal 
revolutions in 4,320,000 years as 

Situ . , , . 4,330,000 SIrbccry , . . 17,937,920 

Mooh .... 67,753,339 JoTtraa , . . aM-224 

Maes .... 2,396,824 Vewos . , . 7,033,388 

SatoBH .... 146,564 

Since at the beginning of the Ealiyuga {*.«., sunrise at Ujjain, 18th February, 
3102 B.C.), or at the begiiunng of the Kalpa, all the planeta were supposed to 
be in conjimctloii, the finding of the mean place at any particular time ia 
not a difficult matter. If t be the time elapsed froin the epoch, then having 
reduced 1 to aivana day's, d having calculated the aUrga^) the position 

is obtained by dR/F.Tf 

There is no indication as to the means by which the revolutions (A) given 
were obtained. Th^ first appear in the texta in a fairly accurate form and 
their appearance coincides with the introduction of the lai^er cycles—which, indeed, 
were introduced in order to express the planetary revolutions in int^ral quantities.» 

73 . Stnodic BEVOLunofis.—'The synodic revolutions axe not usually given 
in the texta, hut they occur in a somewhat di^uised form in the PoncAosid- 
dhontika (Ch, rviii). If P, is the lynodic period of a planet and P, is 
its sidereal period and E is the sideieal year we have 

» Tb* P*rly Hindu ot oOBft*, vtU PirtM of Uk nAtim! orfw df tlu* bui DMOAUy 

p|a^ tlurZD in tht * ard«'+^ 

* For oUbv tvInQp mcB tAblo 

1 —li ihfl pukHi in tbo liottiw Hindoi dvS not fooermUy ntQy* tbJn Ti±io m n aai^ 

hirwvTVi tbo €tk« 
























btpicycles. 
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e^iuni, 

3721 aaura days. 

days approjcimately . these 

m 

378 dftya. 


— JL ± 

E ~ P* P, 

vhere the upper fljgn b to be taken for & superior and the lower 
inierior pUnet;; and sme® P* = YEfR we h*ve P, ^ iEf dr ^ c 

is the rule implied by Variha Mihira. Hia synodic revolutiona ore given in 

Sftura days as follows :— 

Mus. 5Iuttii*y. Jopiter. Veniu- 

768i 114^ 393^ 575| 

and since 300 saura da3r3 = 305’256 mean solar 
values become 

JUrt. Mmiiiy* J«pitcr. Vmi«. 

780 I15‘B 308*8 583U 

74, EpiCYCLEfi.-Tbe calculated mean positions of the planets were corrected 
for the so-called ' hrst inequality* {that one, namely, which depends on the 
planet’s pcsition relative to the sutih in the Greek fashion, by assuming^ certain 
epicydic motions. The Greek astronomers taught that, while the planets mean 
motion could be represented as a movement on the circumference of one circle, 
called the deferent, its actual motion was on the circumference of another circle, 
called the epiq/de, whose centre was the mean portion on the circumference 
of the deferent. This is the scheme in broad outline only: it was apparently 
based on the principle that the motions of a heavenly body must be made up 
of pure circular motions-a principle that does not appear to have influenced 

the Hindus. 



la e«u» 10 the wlcydfc moli™. cl an onto plnnet of typ. Mm 
is roughly represented. The point E represents the position of the earth, the 
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circle At, Ai A ,, etc., is the deferent, and the circle 6i Si w the epicycle when 
the mean position of the planet ia at A^, The epicycle b not drawn for other 
mean poaitionB, but its radiaa is marked (-1* * B*, A^ etc.). The points 

Ao, An An «tc., mark the mean position on the deferent at intervals of 30 
degrees, the corresponding positions on the epicycle being Bn Bn etc. The 
period of revolntion of A on the deferent is the sidereal period (B*) of the 

planet, and the period of revolution of B on the circomference of the epu^cle 

b the sidereal year fB)* At EA^ B, the earth, sun and planet are in line: 

the point B moves from Ba to Bi while the point A moves from At, to 
and we have 


angle B^ i^ f A® — i-g jn the fignre. 

angle A, E 4* 1 }B* 

From to B, the planet retrogrades and the angle of retrpgreeaion is in the 
figure approximately 25 degrees. The stationary points are determined {fig. lOo) by 
BrtjEB = iveUdty »« deferent] {(wlocity in epicyeie) =«/M 
If 5o 5i * represents the orbit of the son, {fig. lOo) then fijSo, B|Si, BA, 

etc., represent the distance of the planet from the sun, and, since ES is, with 
the superior planets.* always parallel to AB (beca^ the period of 2f » the 
flame as that of $, namely the sidereal year), BS is alwaya equal to EA. 

The planet b nearest the earth when in opposition and furthest away 

when in conjuncti<j'v - # 

The Buperiot and inferior planets require different treatment with reference 

to the relative motions in the deferent and epicycle. If the anomaly (that b 
the motion in the epicycle) be reckoned in the more modem way from the 
radius A, h, always parallel to the original .hrection 4, Bd. then the following 

scheme holds * ^ 


Modxkic . 


ilolftrior " If . 
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But the Greekft and the Hindus generally reckoned the anomaly from the diiectEons 
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E4 EAif etc.p that h from tho apogee of the epicycle, and eonseqiieatly the 
periods were— 


A^asvT w*if 
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75 The Hjitdu schkwis.— me -- ^ 

ol the planetaty motions k in the words o£ the-Shrj’a SiddhSnta {», 1—*), 

Forms of time, of invisible shape, stationed m the zodiac, called 
HmothrJta, mandocltcha and pSia, are causes of the motions of the planets. The 
olanete attached to these beings by cor.ls of air are drawn away by 
them with the right hand and left hand, forward and backward according to 
nearnees towards their own place. A wind, moreover, caUed pravaha, iinpeU 
them towards their own points: being drawn awav forward or backward they 
proceed by a vaiying motiom The so-called uckcha, when in the half orbit 
in front of the planet, draws the planet forward: in like manner, when in the 
hall orbit being the planet, it draws it backward.” The term iBondbcA^A-o, or 
* apex of slowest motion^ corresponds to the term aphelion, while the term 
iighrochcha, or ' apex of swiftest motion.' corresponds to the term conjunction,! 
^ Ip the earlier siddhfintaa the line of apsides appears to have been considered 
as fixed bot later a definite motion was given-possibly on the analogy of 
the motion of the moon’s line of apsides; but on what principle the actual 
values given were obtained is not indicated. For the positions of apogee or aphelion 

the following longitudes are given • 

Bpp- 


Min. 

Mccenr?. 

Jupitn. 

Vw»™. 


110* 

230* 

160* 

80^ 

240* 

127* 

227“ 

170" 

90“ 

253“ 

130* 

22ff" 

171* 

S/f 

237* 


P«itc WiddMnti . 

Brahmaspluitasiddhint* • 

gCrys SiddhftttU ,77 r t *j 

and the following are the rcvoluaoiis given to the lines of apsides m 

4,320,000,000 years. llwcuiy. Jupitw; Vub*. eAttun. 

Brahnuimpta ^80 48@,lO5,050 392 382 855 6ii3 41 

Bflrys sSdhsDta 438,208.000 304 3^ 900 535 3» 

For Saturn the motion of aphelion amounts to about one minute of arc 

in five thousand years! „ , v* . *» j ■ 

The Ponchaeiddhutum says^” The Sun is the so-called and m 

the Hindu .yatem, « in the Gr™k. the tevnlutinn of the conjunetlM rf 
inferior planet uhea the place of the actunl revolution ol the planet ilaelt. 

»tTr, ™ »i, n, it. «. t. in -- ^ 
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75 (a), The two epicycles,— The Hindu scheme difiens conaderably in detaD frora 
that of PtcJeruy. The object appears to have been the attainment of the 
correct apparent position of the planet without reference to the representation 
of its actual motion. As far as infonnatioD is avsilabtc we gather that the 
planet was regarded as actually moving in the deferent, and that the system 
of epicycles was solely for the purpose of ascertaining the apparent position 
in the deferent at any time. 

The Hindu system involves the use of two different and independent epi¬ 
cycles for each planet (except the sun and moon) and four sets of calcula¬ 
tions, and the epicycles, at least in the later worlts, vary in dimensions with 
reference to their positions on the deferent. In the Snrya Siddhduta these epi¬ 
cycles are termed manda jwndAf, or * epicycle of the apsis,* and partdSi, 

or ' epicycle of conjunction ’ and their dimensions as given in that work are 
as follows’ :— 


Dimensions oj Spict/cU$, 



CimiroterrlWf M miiiwin 

= E. 

9. 

i 

II 1 


AiuhiiaJv 

^ or im\ 

Anotnalv 
no^' or 27cr. 

0* pr 

Ariammiy 

SH#^prt7<K* 



k ■ - 

t4" 

cr 

la* 4S' 

m m 



lioo:^ 


K ■ 4 

32“ 


31* 40' 

^ m m, 

- 


Mau 

- 



0' 

1 72* O' 

238* 

0' 





SfT 

O' 

38* O' 

133* 

O' 

132“ O' 

Jurrm ^ 

- 


33* 

0' 

32* O' 

70* 

ff* 

72“ O' 

VEftrs 

- 

- 

ir 

IK 

U* O' 

262* 

CK 

mr O' 

S4Trur , 

* 



O' 

485 O' 

1 

SO* 

1 

IK 

O' 


The change in the dimension of the epicycle is proportional to the sine 
of the anomaly. If AE is the difference as given in the table and B the 
anomaly then the dimension at 0 is given by £ — A .^.sinO, or, if the Hindu 
mne function is used, by E — A£.sin6/f. This result, is based upon the 
proportion, 

X „ Bin 6 
O ” sin 90* 

whore a; is the diminution at 8. If 

Ap 

e. 360” = E — Aj? sin 0, or .F — —sin 0 

4 * 

ive may term ‘ e * the reduced epicycle. 

But E and e360” are only apparent dimensiunb, and the change is probably 
dne to a supposed change in the distance from the centre of the deferent to 


^ Bnlimagupta pm: Sua 14* tv 13* ilT; Hooa SO* 31' to SO’ 44' 
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the centre of the epicycle, and ia connected with the 'aecond inequality’—due 
to the excentricity of the orbits.^ 

The values of E are for the cLrcumference of the epicycle in terms of the 
circumference of the deferent. For example the value 72 for Mars means that 

t he circumference of epicycle 72 _ 1 

the circumference of deferent 5fl0 5 

_ i /5 where is the radius of the epicycle and r, is the radius 
of the deferent. We shall denote r,/r^ by e, or e, according as the epicycle of the 
apis or the epicycle of conjunction is employed- 

78. The equation of the ceutbe. — The processes involved in detennining 
the equation of the centre are generally four. If A denotes the mean poaitiou 
of the planet then the first correction gives Xj = K + ej/2 where «i is the 
equation arrived at by employing the epicycle of conjunction ; the second correc¬ 
tion gives Jq = X, d- hh where u is the equation derived by employing the epicycle of 
the apis ;X, 5 =X-f- (, where again the epicycle of the apsis is employed; and finally 
— I, 4 - c. where the epicycle of conjunction is again employed. 

The calculations may be summarised thus :— 

€r- sin 

(i) Xi = X + «i/2 where stn a, = cos e, + 1 

(ii) X, == X, -I- «i/2 „ sin cs = c,. sin v,* 

(iii) X, = X -H *s ,1 sin *, = e.. sin v,' 

_ e, . sin Vj _ 

(iv) >* = >,+ h sm 1 , = cos 01 , -i- 1 

where X, — X;Pi ^ x^ — X, Xjj 

rmd e,' =: X, — Xj ; and consequently 

f(, se: and Vf = V,* — «,/3. 

The calculations according to the Pa^hasiddhaHtika fcb. xvd) may be 
exp^ssed'ih the following form. The later texts give rather more complicated 
but not essentially different rules, of which a specimen will be exhibited m due coutse- 



iL 

IlL 


K f. lis p « 

* 


0 . = <p &fta 

df = «il] 1 

df 

= c; «• r K ^ ^ 

- 



. 


c, = + tw + • 


- 

— 

— 

e, =i + (f# i- fri)" - 


# 

- 

n" 

II 

^ ^ BJQ'^ fla 

«= rd f %■ 

= X + C|.'t * * 

- 

■ 

X* s- X| c^.2 

X, = X + c* 



* Tto tprm * ' l»» X™ to iX* epki-ele in thin eaimeiion bul U i»l »Uog*lher ftfiptaprialE. 

TlipowtieJIy. Hi le*irt,Hnr«igio<»Ilhefbniise in diflirtiiitin «f iX^epiojroifckknowr- luthsewoolllM mooii 

the eB’wt of thr wcotKl infqmUtjf wm ihriyi to toerrue the ehoolute toIuo of the fitot ooe, portleulorly in the 
qiufiraturre. *' The ohriiKiB uderfnee writu J. L. E. DsctjCB (i'laMtory Sgsltv*, p. IWX “ th»l the wfioi 
of the to b« of vOTwhlf Imglii. ^ttaltr in qoMdmture thon fn ws^jgy.^ But Pwlrtoj nihlo the 

MBIT* of tf« epicycle moTC on «i cjwitric co ttuit it* dijt-ii™ ftow tb* «ufh voritd and mobhumUj » did the 
nppntenl dimenHiMM of the eployole. The eiwntric oppem compmtiTcly bte in Indio. See tho SiJdAMa 
Siromotti^ *!!. 7f. „ 
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The Hindu method as applied to a Huperior planet ie iilustratcd in figure 
10, The period of the epicycle ia the synodic period of the planet (reckoning 
in the Greek fashion always from EA) and that of the deferent is the sidereal 
period of the planet. We have 

^ BA, / MA, B, =PJPm or t =y. 

The problem is to calculate The line B,M=a is perpendicular to 

EAi while Ai 6. Now + o* = EB,^ 

or • {u + * » 


but b = ft. 


COB f? and o = f, 
(i) Bin » = 


^ sin €t tbarefOTo 

,ain i? 

V Irr+TTcMo)*^ 
e . dn e ' 
y/i -f e* + 2e . cos e 


r,* . 9in*U 
where e = 


I* 

U 


A 


simpler formula is 

(it) tan E= 


B,M ^ r,. sin v 

Syt fj + r, COB fj 


_ e. ain o sin n 

1 + c. cos « 1 e + cos e' 

but the Hindus, like the Greeks, did not employ the tangent function. 

The maximum value of ■ occurs when EB is a tangent to the epicycle, 
that is when AB is at right angles to EB •, and then sin (^r^r«=e, o=W-|- e,i 

76(a}. The follomug calculation for the equation of the centre of Venus is 
baaed upon the later SSrya SiddMnta elements *:— 


TAe t^ation of the eetdre for Verne. 

tiiTeo inttc loni^tadB . , • * . S* IS* 13‘, 

]>9iigitti«l« of cODjnBctwD . . > 4. , lO* SI* SOt mS* 3* S7‘. 

Loaeituilti of opnli S* 19* 9iS'iauoiiu|;V=S'18*30*, 

Epio/cio of conjiHKtMii , , , . . E, **riv from 280* Co 262*. UlSemM 

Rodttecd apcoyola ^ r, 

EpKTclo of *]>■• •«..«.£, TMiM from II* to IS*, DiaicmBo RoilucwJ 

(fictycle dn v'^’SCO t. 



1 

Fdf e^uotidn cl 
cocjttoctlcci. 1 

\L 

Per equation cf 
mpuUv 

uL 

For eqbitkm ol 

*piijb 

It. 

For Kiiution of 
coojurMtioa+ 

Livi|^tud« 


- 

- 



x= r IS* ir 

nr 

Ju * !r 1“ 2r 


Animi^y Hi 

- 

- 


- 

- 

r^ r 3" 37* 


HZ 5* !B" 

5" 14* 

ua V a 






•in o = 3080* 

m p/- eS9^ 

un mi* 

■ia 1- 3039* 


1 OxlKtt IT A 90 ^ 4 wn 


^ ■ ) / (1 — * Me) 

vf wlaltiK m tolollan tg ^ «i. 

iBw 5i3yr* 


















equation of tbe centre. 


89 


- 

L 

For ot 

oaojEiiUltioiL 

iL 

For'a^onlioii 

iptU. 

m. 

Ffir flqiu(iic% ci( 
A]MU, 

, fbr ol 

fHUljlUMlttOlU 

OOP w ~ ^ * 


IHM « ^ 1S37 ‘ 

«£■ p,* ^ 33fi9r' 

m < - 3368 

OM V,. ISAS' 

Corrected epurycl« e « 


= -733 

i = 032^ 

- 4 ZM -0328 

• = -Tta 

a ^ e «ui « ^ 


0^ p- 2236' 

di - n r 

d| = 23Hr 

«, -ssir 

■■ C lH3i 0 * 


A, =1104' 

fc, ^ JlO' 


fr, =1119' 

£ - ^ (P + ifY . 


Ci - SOW' 


e, ^ 3458' 

e, =soor 

■ill—1 «r / a 


«, m 20*7* 

e. 

^ if ^ 

= as*60' 

lon^tod* * 


t, V r tr 


3.+^=r ir 36' 

%3+m^9 14' OS' 


Tl» [- r—- it will 1 » y™ , I* tlw wnie u thM <rf Pfctcbwid dUnti k* ueept ttiAt varikblir «p^oyd«ii 


Ji*T« Wn intmlnMd. 

The only process required in thecsaeaof the sun and moon ie the' coFcectioD for the 
apsis," wluch may be represented hy tan *= (« sin v)j{l + « coa «). The early testa 
give tabular results hy means of which the calculations may, to some extent, be avoid¬ 
ed. These, however, are not very complete and are not altogether in agreement.^ 

ISe/roffrcssioii.—In figure 10 («) if or fff (-= r. A w or r. A w'J Is the ate on 
the epicycle passed over in time A I, r being the radius of the epiiycle, and if ^ Cj 4£1 
or DAS' being the anomaly, then il is small, the angle B?>i) = ABff and Bp 
cos ASS'. But pjj == «* .'R where R is the radius of the deferent, therefore 





laxKordiiMEtoJMcM ud S^tlUFp^jiW- I-diim. i. 441 Mkl bt, Iiw*ia* -1 iio p wbcf*• i*iM ' 
' If lOa) i* sen««By employid. 
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HINDU ASTRONOMY, 


If «'« ia «qual and oppodte^to the motion in the deferent^, that 

fl. Au-B.Aw=0. then^ 

EB EB At! 


is if 


Bud B is a statioD ’ of tiis plsoet and 2ABB is the an^ls of retrograssioii. 
lostaad of Sk the S^tytt Stddhdnta gives * the diffsieDOO betwoen the h^p'potoouse 
and the radius,* that is If — EB. or EE — £, 

The text then gives the angles ABE for the stationary points B as* 
follows:— 


M»fs. ICvfoiQj. Jyfiitef. Veflum. fiadus. 

18 36 fiO 17 66 

from which the angles of retcegression AEB may easily be calculated ii r / R 
DC known. The Hindu texts do not give this value definitely, but it is approxi'- 
matdy e, calculated for the epicycle of 'conjunction,* 

77. liATiTUDS. ^The node, Kfihu, is said to cause the deviation of the 
planets in latitude (SS. ii, 6). The later rule for latitude given is 

^ _ p* sin AX 
r/r' 

where p is the maximum deviation as seen from the earth at its mean dis- 
tance, r is the true distance of the planet from the earth, and r' is its mean 
distance, and AX is the distance of the planet from its node. The deviations 
are given as follows: — 





Itefttljy. 

JujiiteJ-. 

VefaiUL 


P^k^huddlUntiki 

4-' 0' 

r ir 

2^ IS' 

1' 41' 

2* Ifi' 

r W 

Sikryft BBdhiou 

30^ 

V w 

r 

1* ov 

8* O' ! 



Pakauax. 

78. In works of the earlier period there is no reference to jsarallax and 
there is no real attempt to measure the distances of the snu, moon and other 
planets; while in later works the subject of parallax occurs only in connexiou 
with eclipses. The later Siirya Siddhdnto treats of parallax in longitude (Aori/oi 
Qk. opi^cw). and parallax in latitude (awaflofi, ' depression'): it states that 
there is no aolar parallax in latitude when the ecliptic is a vertical circle, and 
also that there is no parallax of the sun in longitude when that planet is- in 
the meridian. This latter statement is not true, as Whitney points out,^ uuless 
the ecliptic is also bisected by the meridian, (See §68 (jJ), 

The horizontal parallax of the sun or moon is assumed to be ecjual to the 
motion of the planet during four nd^ikot, or one-fiftecnlh part of a day. We 
thus have 

X T-(daily. ujotfVm of stM)/l6=6^'JS for the horizontal pauUoi-of the sun, 

t/as (daily laotiVm of moow)/l5s;fl,/l5 for the horizontal parallax of the moon. 


< p. asa 
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where fl u the angular motion of the planet during the day.* Since 0 = tjr 
nearly, where r ia the ratUua of the orbit and s ia the arc traversed in one 
day and since, in the Indian ayatem, ^ is constant far all fianels and is equal 
to 12000 yojanas,* we have a/IS = 800 yojanas, which is the Hindu value of 
the earth’s radius *, and k becomes equal to «/15r = pfr which is approxi¬ 
mately true when r is great compared with p. 

Sometimes the difference between the parallax of the sun and moon U 
given. Thus the parallax in latitude is given in forms that may be expressed by 
itp' — tf|j = (0, — 6.) (dn s,)/l5==49' (sin s,)/r 
= (sin ^,)/70 

where sin x* is the dfikstiepa (aec page 76). 

The rule for parallax in longitude may be expressed by 

7^ = 7f cos I, sin — X) 

where X is the longitude of the star and Xy is the longitude of the nonagesi- 
mal.* 

The Hindu rules for parallax may then be summariBed thus; 

(i) Ilorbontal parallax w =s 0/15 

(ii) Parallax in latitude =: a sin s, 

(iii) Parallax in longitude = n cos a* sin Xy — 

while the corresponding approximately correct formulae are 

(i) do Tt= p/r 

(ti) Up = n sin sin (t — h)/sin y 
(iii) = It cos p, sin (X, — X)/co!i p 

where X and p are the star’s geocentric longitude aud laticude, and X^ and p,.are 
the longitude and latitude of the zenith, and 

tan T — ten Pj/cos {X, — x). 

We then have 

(1) e/lSsp/r nearly ■ 

(ii) It sin I. — jt sin p, sin (T^P)/Binr7 
and (iii) w cos e, ain (Xy — i.*)— w coa p, dn (X,— X)/co^ p ; 

ard as p 19 generally considered negligible in these Hindu calculations we have , 

Z, = p, and sin (Xr — X') = sin (X, — ?.) 

where X' is the apparent longitude; and as a matter of fact the zenith distance 
(z,) of the nonagesimsl is equal to the latitude of the zenith (p,), and the longitudes 
of the zenith (X,) and the nonagesimal (>-f) are the Bame. 

Lunar ecufscs. 

79. Diameter op the shadow. — In hgure 11 wo have 

(i) the angle TEM = PTE — POE = PTE — Q'ES = PTE — (QES — QEQ*) 


* Tbp raluM of Unp djiiJj motion tayaJly given 7 moon 13?^ 10* 34' ; iun 30' 8*^ whMih ntitlt it'— 
mrl | bat Ibc terta givr aa*eluii3|MTmllu val^Un explicitly^ Tht S^rytT ^iddki^miOr impUri w'- 33-3^ 

4 D:d IC' — ^ 

> Ttufl V^U4 » yojtou. ^ 

" in the tbfr Bwmiiux ii wmotbatf tubatltnteif tw Ua« naoagiwaMJ point. 
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where S, E, and Af are the centres of the siin, earth and moon reapectivelv, 
EP and SQ are perpendJcularG to OPQ, TM is 




r>f a.- 

perpendicular to OS, and EQ' is parallel to If R„ R^, denote the 

radii of the shadow, the moon, the earth and the sun respectively, and if 
Tm and r, denote the distances of the centres of the moon and sun from the 
centre of the earth, then, since the angles are all small, we obtain from fil 

(ii) If, — R, — Jf, {RJR, — 1) fjr^ 

The SiddJidtija simply assumes that 38'; the old Surya Siddhdnta 

gives the rule in the form 

2R, = 36' —36'is/ 

, , .. . ^/ 
which ia obtaineij bom (ii) by making 

R, — 18' and P, = 73-2'; 

while the modern Siirya SiddhdTUa gives it thus—• 

i?, - P, «i„ -f R, m. (RJR,} - R,(RJR,) 
where fji„ and m, are the ratios of the true daily motions to the mean daily 
motions of the moon and sun respectively. This rule implies two assumptions, 
neither of which is strictly accurate : (o) that the ratio of the true daily motion 
to the mean daily motion is equal to the ratio of the mean distance to the 
tme distance; (6) that R^JR,= r^{f,. which implies that the mean apparent 
values of the diameters of the sun and moon are equal. 

Dubatiok.—I n figure 12 let be the centre of the moon tvhen about to 
enter the shadow, C the centre of the shadow whose radius is i?, ; let AN 
be the eciiptib and !tIN the moon's path. If f is the velcxjity with which the 
moon travels from M to M' then the duration of the eclipee is 

(Hi) <.= iUM;v y(it±Tf5r=i‘ 

* H(« tbe vftlim •!« fa) lenftlif aaJ tbe cormpoitding v»lm of tbe iDoonV orbit wouM be 

3$40W 

800 4.~Ts ” ****'•* ‘*1’ 

naooc to minuteo of on: wo niut tbenforo multiplr by 3S0 y bv -i- 7J80. 
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where ^ is the moon’s latitude at the time of opposition, and there are 
60 nfidihSs hi a day 

For the time between the Srst and last moments of internal contact we 
have 

(iv) e = I 

The Pauliia Siddhay^i^I gives rule (iv) in the form 

t=£ - . (5—M) (lOi—(5— 6i.) ) 

Since p/340^ — ein Ai/sin 00", 

where 240' is the moon’s greatest latitude, and AX b the difierenoe in longi¬ 
tude between the moon and its node; and since 

sin AX / sin 10" = AX / lO, 

nearly, where 10“ is the limit from the node for a total eclipse; we have 

240'X 21 X AX/lOX 120^=21 AX/S, 

where 21’ is the sine of 10 degrees and 120' is the sine of 00 degrees accord¬ 
ing to the Pauliia Siddhanta tables (see table 11). We now have 

=1 ^y(5 - A X) (10 - (5 - Axyi: 

These roles appear to ignore the variation In latitude that takes place, but the 
£urya Siddhdnta directs us to hnd the value of the moon’s latitude at first 
contact from the value of i, to substitute this value and repeat the process 
til! t >b constant: that is, as we know the longitude of the moon at the time 
of first contact, we calculate the latitude and substitute the value so obtained 
and repeat the process until the results uo longer diier. 

80. Solar ecuFses.—^A part from the preliminary calculations ’nvolving 
parallax very little b given about solar eclipses. The Pauliia Siddhdnta gives 
the time of duration as 

t = i ^64 — A X* 

which appears to be obtained from the usual rule + R^)* — pw* t for A x 

I? JS 

approximately, and It, -r Rm = 36’, and tr = 720/60 b the dlQerence between the 
mean motions of the moon and sun in a &fidih£. 

81. The pbojectioh of eclipses.—" Since, without a proiection (cAedyaih)), 
the precise difierence between two eclipses are not understood, 1 shall proceed to ex* 
plain the exalted doctrine of the projection,” u'rites the author of theSur^ SiddASnta.* 

In hgure 6 let X be the position of the moon at the moment of oppo¬ 
sition, then b the circle of position and marks the north and south direc¬ 

tion with reference to the moon, while the circle XE' at right angles to NXS 

t Ths timer Fpici fr) zqjij^ obtiiAKl direct from the modera rxdc 

^ ^ + {m 

tfhere A' if tha rsta td thei tnooit^e metton m l4titbp<te, mod inn ud f wtt the ntni <if tlm aeul'i mofioa io IcogitEidet 
m&fcinfi a •mMt ± fclTmg fer L 

FonanLAc (Eii) uid (it) oegleet 6l but the Siidh^nia nde ii ua fttteaapT to ucDuut lor thii tenn. 
f For the Greek tieAlDieELt of ihit tepk Ke the il-xiiL q 
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maiks the east and west direction. The angle NXP —CXB' te the .oohma, 
which gives the direetiona of the ecliptic with reference to the * circle of por¬ 
tion* and the east and west line 

In figure 13 the centre of the moou at opposition is at 3f and ifn 
f=16'} is its radius. The circle cl position is represented by NS and the line 
EW corresponds to E^X in figure 6. The moon is supposed to be stationary 
and the centre of the shadow circle is supposed to move from 6 at the first 
contact, to e at opposition, to & at last contact, and the problem is to find 
the locus of bed. 



Ffl B 

The radius of the circle ENWS, whose centre is at M, is equal to 
sum of the radii of the moon, and the shadow (16' 41' = 670 so that the 

points b and d must lie on this circle. Now make the angles EMa, 

and equal to the ni/ono at first contact, opposition, and last contact 

respectively, and make nb, Me and od equal to the latitude of the centre of 
the moon at those times, due care being taken with reference to the directions 
The points b, e, d are thus fixed and the circle drawn through these points is 
assumed to be the path of the centre of the shadow. 

The Surya iStddbdii/a concludes the section dealing with this subject with 

the caution that “ This mjsteiy of the gods is not to be imparted indiscrmunately.” 

Jitnau —5m R. ScBBjpi iMtpKw of fJk ffmi in infia («pp«n4i«4 to StwmjL uni DcnsTr'a lailiui 
ifnooii natM tfiu **■ tbe Htipm mmiiioiiad in wcrljitkidcii ue not otaMrcd «Qlipfl»i bot cikukte ^ 

£J. b Fpr^S-423}L 
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CHAPTER X. 


Conclusion. 


82. The chief phases of the histoiy of Hindu asttonomy are coouected with 
the Vedas, the Vedfihgas and the medheval text books, or addhlntaa. Vedic 
astrcoiom}' is naturally of the uoscieutific order, the Vedauga astronomy is 
formal but crude, while the astroDomy of the later aiddh&ntae is, on the whole 
of a verj' high inteUectual order. The more important itema of the available 
evidence that illustrate these phases have been given in the previous chapters, 
but there are certain matters to which further reference may be made,—for example) 
the relationship of the Vedanga astronomy to the current thought of the time, the 
exotic astronomy of the later period, the controversy regarding the antiquity of the 
Vedas, the evolutioa of astrology and the estrondmical deities ot India. 

e?. It will be recalled that the J^iska Veddnjo and flunilar works very 
strangely omit all reference to the planets and their motions, while in the epics 
and other popular works of the period such references, informal though thfiy_ 
he, are numerous. Let us assume that the Vedahgas, Jlitakas, the epics and 
Furfipis more or less ove^pped chronologically, and aa a matter of conveni¬ 
ence let us fix the whole period enihraced. by thrae works as from 400 B-C, 
to A.D, 4W. We are then forced to one of two conclusions, namely, that 
either (o) all the more advanced astronomical notions displayed in the popular 
wotba are late additions or mterpoiations; or (6} the knowledge of astronomy 
indJeated in the popular works was iu advance of that exhibited in the formal 
astronomical works. The first alternative (o) seems to be untenable, since the 
references to the planets, Ac., in the popular works are far too numerous to 
be 'easily explained away, and their mode of occurrence, in some cases at 
least, does'not suggest interpolation; and, of course, in the west the knowledge 
in question was widely diffused during this (assumed) period. We are thus 
led to the second of' the alternatives (h), and to the fairly Intimate deduc¬ 
tion therefrom that the Ved&Uga astronomy was of the traditional order, and that 
the professional astronomer had not kept pace with the time.^ This conclnmon, 
that the Vedanga astronomy was not thoroughly representative of the period, 
de{>erLds, however, upon the assumption made as to the chronology of the works 
in question. 

84. The second point is perhaps more important. The facts and the 
chronologv' are, within reasonable limits of error, firmly established. About 
A.U, 450 the Hindu teachers began to expound a new aatronomy that had 
been received from the west. The Hindus of this period were not obsessed 
by tradition, they were in a plastic state of mind and their attitude in intel¬ 
lectual and aesthetic matters was one of rather eager ceceptivity. All that 


t The tvat hM bJiLpp™«l iB loSi* in quit" tim»- Ehb n™ th* kmjmUhI ertiodfli tewlwr 

PD-Ien W .ti=k to U»ditW und bt cftoB di^ilsy* ™uidd«.hls ir^uuuUy m taywa 'to i.™ 
5h«nDiia-u.‘. !□ S:u~P". iHit « •««, I*l« UmebiPS «f wttunumy wu niM. "IiuMt • uitor of 
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appeared good was welcomed, and, partly in conBequcnce of tliia inteUigent 
attitude, there began for India a period tliat has been appropriately desig¬ 
nated its ' golden age/ In striking contrast is the beginning, at the same 
period, ot the ' dark ages ’ in Europe, where a bigoted hierarchy diaconded the inesti¬ 
mable gifts of the heathen Greeks. India wdoomed and aasitnilated aa much of 
the Greek teaching aa could reach her; but from Alexandria to Ujiain was in 
those days a long journey, and the traustnisaiQn of knowledge was hindered in 
many ways, ao that finally the Greek knowledge was received in India in a some¬ 
what frayed condition. 

There is an interesting corollary to this. Tradition says that the Arabs 
first received their knowledge of scientific astronomy from India, ^ and, it ia possible 
that the Arabs were thus instigated to acquire knowledge from the Greek writera 
also. Later, Europe received from the Arabs the teaching it had spumed so long 
before. 

85. The Investigationfl of H. Jacobi and B. G. Tilab are worthy of special mention. 
By means of certain quasr-astroDomlcal passages they independently came to 
the conclusion that portions of the early texts were composed aonic 4,500 years 
before the Christian era. Jacobi is one of the most teamed of the European 
orientalista, end hia opinion ia, in.itself, of extreme value; but we are com- 
petle.l to reject some of hia condnsionB. Further, if my suggestion that the 
luikshatras formed, at leaat in some caaea, merely a relative scale whose initial 
point was an equinox m sdstice, be of any value, then the a^uments of Jacobi 
and Tllak generally fail 

86. In all countries, in the early stages of intellectnal development, the 
connexion between aatiODOmy and religion has been intimate. For- India the 
history of tins connexion is particularly interesting and the literature relating 
to it ia sometimes beautiful. In comparatively late times an exotic astronomical cult 
and an exotic astrological ^stem tended to obscure the historical development; 
but the cult never became predominant and the scheme of astrolc^ was alto¬ 
gether subordinated to the spirit of Hinduism. It is impossible to elaborate these 
themes in the present volume but the summary accounts of Hindu astronomi¬ 
cal deities and astrology in India appended may serve a useful purpose if they 
draw attention to these interesting topics and the important part they have 
played in the progress of civiliaation. 


*■ Btt 47 tod 49« 
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APPENDIX I. 

Astrology in India. 

Astrology has played an important part in the past and its present in¬ 
fluence is enormous over that portion of the human race whose view of the 
universe may be oharacteriaed as anthropocentric and whose capacity for credu¬ 
lity is not very deflnitely limited. Its importance as a factor in the develop¬ 
ment (or retardation) of civilisation has been recognised to a limited ejctent. 
BoiKb^Ledercq, Cumont, Housman, von Oefele , Nallino and others have dealt with 
astrology in Europe, Egypt, Mesopotamia and among the Muslims generally; 
but with reference to India the only general account is Thihaut’a very brief 
aummaiy in the GrttTidrigg der /ado-AriscAen PAilotoffie. The following note 
is merely an attempt to draw attention to a subject which, particularly in 
India, has influenced thought generally and astronomy specifically. 

Recent researches into the early history of civilisation seem to indicate 
that astrology developed at a very early period and that its roots were deeper 
planted and its branches more widely spread than was formerly held ; but we 
must accept nith caution wddc and vague conclusions that are not supported 
by direct evidence. The astrology that von Oefele writes of, for example, is 
planetary astroitgy, and he states that " even in the most remote ages the 
periods of evolution peculiar to the seven planets had been studied.” But 
such a statement cannot be accepted without question, As based upon our 
knowledge of Babylonian and Egyptian astronomy it might be accepted with 
modification ; but such a statement is not needed as a postulate unless it is 
assumed that astrology was necessarily planetary astrology in its earlier stages^ 
It would not be difficult to formulate a genealogy of astrologv commencing 
with the animistic vogue of the primitive mind and ending ai the stage 
when the planetary motions had been observed with fair accuracy. For 
undoubtedly astrology exhibits a phase of the tendency of the primitive mind 
to endow inammate objects with spiritual life, and it has little concern with 
the astronomical discoveries of the last two thousand years. 

In studying the earliest records of Indian literature and science we are 
impressed with the absence of unambiguous records of the planets, and it is 
generally conceded that planetary astrology was an importation from the weat. 
But this absence of official record may only mean that the older Indian hier¬ 
archy rejected astrological principles, for there is evidence in the early popular 
literature of a fairly wide difluaion of astrological practice. The early Buddhist 
texts condemn such practice with reason, for it did not square with the funda¬ 
mental principlea of Buddhism ; and possibly thia attitude influenced the Brah¬ 
mans also. We do, indeed, find, in the Atharva Veda for example, notices 
and indications of practices in Hindu literature of what might well have 
developed into formal astrology; but it is only with the decay of Buddhism ' 
in India that such formal astrology becomes prevalent.^ 

^ Thli lo iD^rdy i caificidciice. i^tn Bodilbitm itaulf itKrbfid wrtoic utfDlggicftl 

ODtioBL 



gg ASTROLOGY. 

Th€ patshatr* list ol the Atharva Veda ia apparentlj o( an aatrolc^ical 
charactei. It occurs Ld the seventh section of book xLv and is as follows . 

1. jyifin g &TOUT of the tWBnty-ciglitdold (!) woadroaa ooa, shining in the sky together, 
ever-moving, histing in the creation, I worehip with songi the days, the firmament. 

2. Easy of invocation for me the Ktittikaaand Rohinf; bo MrigaSiisa cswUent, Ardra healthful, 
be the two Punarvasua pleasantneea, Puehya what is agreeable, the A^teshaa light, the Maghi^ piugresa. 

3. Be the former Phalgunie and Hasta here oospicioas ; be Chitra propitious, and Svati 
easy for nw ; be the two ViSakhia bestowal, Antuadha easy oJ invocation, Jyeshtha a good 

MuU uninjured. 

4. Let the former Aahidhas give me fo«rd ; let the latter ones bring refreshment; let Abbijit 
give me what is auapicioos, let ^ravasa (and) the IraviahthM tnalto good prosperity. 

5. Let ^atabhishaj (bring) to two what is great widely ; let the dwiblq PrO(ih(hapadis (bring) 
to me good protection ; let Bevatl and the two Aivayu) (bring) fortune to me i let the Bhamnf# 
hnng to im Trealth. 

But this is not planetary astrology, and a considerablo period elapses before 
the plnnetB are introdaced into the rather crude astronomical magic that 
appears to have prevailed in post-vedic times. A very' interesting hut com¬ 
paratively late fragment from Khotan, wTitteu in debased Sanskrit, seems to 
.couple up the later formal astrology with the magical formularies of the Atliarva 
Veda. What is intelligible of this fragment ^ reads as follows i 

**A formula o! Dwdical h«b«. In this respect edwtiw are Chitre, 

gtav.^, Nidhana, IhinwvMU, Svnti, SaUbhiehii.-...ol tho» who abandon dispu^, quarreb, 

knivn (1) and_rites. Causem of miafortune are Krittiki, Phalgucl, Ashadhi, .. 

rough works, having taad* a firm path, Causere of stiooes* in this rwpeetare Plitva-pbalguni, 

PfirvaMhadha, Purva-bhadrepada.arrangers to go on a secret path are .tidia and 

DliBniEhtbi in combination. One may do here all fierce rites......here firm, foremost friends 

are AsloaM and Jyeshtha, IF Uttota-Bhadrepada be here the third (!), let him do.,...for 

the benefit of living beings, flceording to cinumstances, having known, and various wise men. 
The fourteenth day again has Yama for Ua dei^; be should pmoeed to fl*t as id the lonner 
case.......,.,. 

The shadow turns round, and here Advinf leads the night, but Anutadba the bud towards 


the BOutbem quarter.....by ^uras (and) Rishis thou art encoimaged, and m this month (and) 

field by Bikibasaa, men, serpents (and) Yakshas. Vri^chiJta ... 

Now the Biahi Kharushta addressed the whole oongr^tion, wh»b stood with folded 
sod said ..‘ you have seen, heard, UDderstood the fields, hours (Aorfi), aigns. 


positions, pcogressea, revolutiens;and likewise........the motions of naksbatras and planets 

(proAo): are you satUfied and content or not ’ 1 Now then, all, bowing with folded bunds, 
spoke thus: ‘ Thou art the preceptor of all the Devas. the beat sage in the worid of Saras ^d 

AaiUM, any other,...a well-wisher of all living beinge, possessed of all emineoces, 

in all virtuBC, endowed with an equal range of the three periods of time, nor has any 
other knowledge aa tbeu, to give mstruction with regard to nights, days, momenta, 

lUbki^b&traa, luikii-moiithfl, nioiitha............e^asse 

This intercatiiig fragment, although found beyond the borders of India 
proper, ia Indian (probably Buddbiatic) in character and language and appear;* 
to belong to an intermediate atage in astrological lore and practice. 

• Jf«fiht«cr^ ItamanM ijf fmnd in E. TmrkUia^^ VoL pp. 121—12A. Th» tnw- 

Lition ii AdittittidEy unii4iiwtory+ 
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Tbe great Indian worba on fonnal astrology are Yar^ha Btihira*a BrihU 
SaMiitd and bis JSpAa) ; and it is in the mtfoduction to the latter 

sisting of the first t^o chapters) that the part in which we are particularly 
mterestfd, the h^ra lantra proper, oconre. Since the time of Vari^ha Mihira 
^Hi3ctih century A.D.) no changes of fundamental importance have been made 
in this science. The following notes summarise the contents of his Bfihtj J^ha \ — 

Hj inTokes tbs aid of tbs Sun (1), relerH to {irsvioiis worksi ^ and 'to the difficulty of th^ 
task [i). The signs of the zodiac are ooDoiscted with the aakshatraa and the term " sign ' u 
defined (4). Tbs western pictoria] repTeflentaUoas of the aigai are detailsd (5). The plaoet* 
aa mkm of the signs and of the nov«aaries and duodsnariee (0)* Hiod of the tenus or Limita of 
the signs (7) arc explained. The Creek Dsniis of tbs signs (8} and definitioiis of tbs term 
- decan \ ‘ ^ovenary % * duodenary *, dfigrae and ' bora " are given I>ay aud Dight (10) 

harmful an iavourabls^ mate aud female, movable and fb&ed signii am eoiimcrated pt}. Tbs 
-exaltations and dejeetiona of the planets (13) and their nio^t auspicious positiouE and the plane¬ 
tary domiciles ars sxplaiued (14). Tbe icfiuenee of each house (IS>-16) and the terms applied 
to tbe several boiises (17-18} aud the valu^ of the signs aoconditig to their p[>aitioa in tbe dia¬ 
gram are given (I®), together with a rough table of obht|iic ascensions (19). The chapter ends 
with A list of the cotoors attached to tbe signs aud a definition of the term ^ vesi’ (20), 

Chapter U gives the values of tbe planets (I}i their names (2-3),^ their oakiuru (4^h ^he 
quarters they rule {3}, their sex and elements (6}, the castes they iullucnce (7), de^ffinptious of 
persona of each planst (8-11)^ the plares ever wbkb they rule (12), tbeir metals, etc. (13)^ Then 
are diacuBsed tho aspects of the pUnets (13), their fricudlj or unfrieodJy relatiom"^vith each 
other (15-18), and their favourable positkoH (l9-2l>), 

Tbo remainder, and by far tbe greater portion of the bookr appliss tbe notioos already 
given to problems relating to births death, length i>f life, vocations^ king-shipj etc. Thera are 
also ebaptera on particular configurations^ lost boroscopesp ete^ 

^He meDtkw the b^niing sotbcfitkfs Msya(vii, I; xiu 0), VKi-Kn^djary^(vlit 1 f viib 1 = xil, fi ; xiJ^ 
3K SatySirbwTa (ii, IBj vii. 9, W, 11s lii. 2 i Si* Gupta (v^ IT ! ni, 3 )l DovuwLini (viL 7 h 

SiddbMcna (vji^ T}, Jlva itxam (Tii, 0: 1) (vii^ ?, 8^ ih L2, 13). lUtmittlu (vLi, 1} SaktipUm (vil. 1>, 

Pdibu 13). 
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The foUowiag table* give the principal elements of Varftha Slihira’s astrology:— 

1. Houses, 



I>HtpintkH» (X laiS). 

liofinwiss {1, tS-lS). 

1 

Boci^ Lftfu 



m ^ 

Tlsfl Bodj 

Stmgth. 

n 

Pikupban . * « 



* 

ReUllTiA 
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in 

ApoUiiu ^ 



* 

BrolJba 
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rv 

Hibokk ' e , . 



■ 

F^ieodi 

Home. 

V 

Tciko^ PtaxiftpbAn » 



« 

Sw 


VI 

Apoldimi , 





Iqliuj. 

vu 
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- 

■ 

WiTfsi 


vin 




« 
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IX 

ApoJdimn 
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X 
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■ 

Digtiit^ 

Bj«t0Uf. 

Xi 

» 
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xn 
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■ 
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^ p 

TStMBm (i, at sx 

1 ColoDn 
tX»). 

S« (f, llX 

laflueflioe 

a. «x 

Mox 

fW U). 

*1 
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• 
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t 
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• 
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1 Wliile . 
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5 
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\ 

^iHhqaa^ JitumA 
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4 
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* 
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i 
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■ 
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T 
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V : 
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# 
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* 
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1 

Male 
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10 
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■ 

UikME^ Anokm 
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Oood 1 
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Horahim 
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w 
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IfOflgQW 

Mile 

Harmful 

Day 

FIxecL 

It 

PftCWJ * 

* 
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4 . Tho rulers ol the Signs, &c. 





1 

Tbak Ni&miulia. 

— 

'Hiw t«niii «T limited 

Arm « 

Mau 

Mm, ^ > 

1 Uki^ y«iai. Aid. 

Ha. S s>t, 6 jnp. S He. 7 Va. 6 

Tifcimi#, 


Tflaiu, Mcwtury* I 

Embrnir SfitEim, aUi. 

V<uSHB.7Jii.a8a,SlC>.S 


MitRcismr 

Meroofj^ Moao, f 

Mvik do* 

Ha, 6 8a. 6 Jo. 8 Ha. 7 Ye. S 

Cuo«r . 

¥qok 

Mogiw Sun, et«; J 

8iir„ wUh 

Ya S Ha. 7 Jtt. S 8a S Ha S 


Sub 

Son, Hanniji 1 

Munp yoiiiu, d«- 

Ha S 8a S Ja 8 Ha T Va fi 

VLfgd , 

Ukbottht 

Mmiinu J*, VdiiUt dOr 

SttarDf 

^ Ya S Ha 7 Ja S Ba S Ha S 

Ubt% . 

Vlctci 

VftDUi, dau. 

y«].ut, MArip etTL t 

Ha S fia S Ja 8 He. 7 Y*. S 

S»rp4o, ^ 

Mui 

M«ft, Jyjntcr^ e|«a ^ 

Mood, Sob, a4a. | 

Ya S Ha 7 Ja 8 6a 8 Ma S 

Si^tUnut « 

JUFITU j 

1 

JnpitK, Sdufa, Blvb ^ 

Miui, Veciiiu dA. ; 

HaSSaSJaS HaTYaS 

C^HMrniu « 

Batvmm i 

Sdsm, Sdiun, 

! 

SAtom. da. ' 

Va S Ha 7 Jn. S Sa S Ha S 

AqoVprilM 

3Attm 1 

Sbtiiim, Jnpitar, do- 

Ym^ Muip Ale. | 

!ia S Sa 6 Ja S Ha 7 Ya S 

FiM a 


Jypits, Mmi, AtOr ^ 

1 

Mgpo, San, cCol 

1 

Ya 0 Ha 7 Ja 8 8a S Ha S 


The only other phase of the hijrtoiy of this subject to note now is the 
interactioii between Indiaii and Muhammadan astrology, 

" The Musalman writers mention seven or eight Indian astrologera, whose 
names, however, it has not as yet been possible to identify with the corre* 
aponding Sanskrit, The most important is K^n-k'h or K*t*k'h, who, according 
to some Arabic wnters, appears to have come to Baghdftd to the court of the 
khalif aUMansni, bringing thither astronomical books of India, and according to 
others, making known Indian arithmetic. The Arabs attribute to him writings on 
the nunwiar (that is on the method of ascertaining a factitious ascendant of the 
nativity), on the nativities, and on the conjunctions of the planets; it is therefore 
plain that he had also treated of the part of Indian astrology called in Sanskrit 
hori or fStaidHf which arose through Greek influence 

On the other band we note that the common Indian term Tajaha applied 
to works on astrolegical divination is of Arabic origin, and also that in com¬ 
paratively modern times the Muhammadan astrriuomers and astrologers had oon- 
siderable influence in India, 

The chief studies on Indian Astrology are noted below:— 

ALBlsonl's India. Edited by E. C. SacW Vol. ii, ch. bX XX 

Ksrm, H, The Brihst Bamhita, oroamplete aystem nl natural antielogy, by Vanhamihiu. 

r«t.—Bib. Indica, 186B, 

TranMlaiitm .—JRAS iv— ti. 187(t'lS76i, Aim in hia Yeispenidfi Gegchriften Vols., i 
and U. 8w aba /nd. Sb/d^ x and xiv, 

CfHATTsaras, H. P, Th* Brihajjatakam of Yanha Ifibin. AUahAad, 1012, 

JA 0 oai,&. Die Ascnltgiu Indicae 'HtMa* appeUatae erigitubiu- ini, Streife 1879 185 

use, *. . ’ ’ 

Wbbeh, a. Zar Geschielite der Indueben Aetnlogicr. fiid. Stud, ii (1863] 336-351. 
TftiSADT, Q Astronatiije, Aatrologie und Hatfaematik (Gnoidi^ dler inda-anM^ua Pk^etegie^ 


ui,ajL 


C. A. Nalliiw Skg VoL im. j,. SO. 
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APPENDIX IL* * 
hindu Astronomical Deities. 

VeDIO DtlTlBS. 

In, Vedic times there vrss a group of gods—Sniya, Savitft, Mitra and the 
other Adityss—that has, with some proptie^t l»en caUed a sua^god grcwp. 
In the Rig Veda, horevei, the only one ol these that is definitelj astronomL'ai 
is Stiiya, who was more clos^j related with the phjHicat object than the 
others, occadonaUy, indeed, being the actual object itaeU. He was the source 
of light, the day-measurer, the dispdJer of darkness, etc.; Savi^ the Tivifier, 
represents a more abstract notion; Mitra was, sotoethiog like the Mithts of 
the west, rather vaguely a god of light; while the other Adityas were still 
less deEnitely astronomical. 

Although there is nothing in the Rig Veda that marks any one of these 
gods, except Suiya, as deEnitely connected with an astronomical body or 
phenomenon, yet th«y are all closely related to Siirys and even are on some 
oocasionB definitely equated with him (and with each other) by name, and 
ako, rather indefinitely, hj attributes and functions. The main characteristics 
of the group may be roughly summarised as follows : — 



MAriTEL* 

MmA.* 

AorETAH't 

Sun 0i Aditi < 

Sqn J>¥m ■ 

Produced liy ^od* ■ 

Hubukd of UaltkU « = 

All Adityfr ^ 

—Bhifft ^ 
wMitn* 

MS 3Di7» 

An AditfL^ 

Goundj coopied with 

= &4.Titci * 

Mitrm 

Aijmaua 

A jwii 

Ey* of Mitr* <u>d Yvmm * 

A tifd * 

ChAJiot with KT» hDfM ^ 

{^IdffO. hiuid% 

Chuiot with two lumci * 


HutudA ■ 

SATitd * 

Stiyi 

In^ 

VeWJUTTfl dftji * 

DUfeli dmjrkfini * 

Tha TiriSef ■ 

fitin up tffl«n ud briu^ 
thaau togethrr * 

Aa A^;toupgo^<d if} 
liibt ^ 

t>riT« wckjicH «Bd CTil 

dlTMO*** 

aw«j mi dnwioi, 

dvi] ffiritA Nid «Dr- 
CWTOl ^ 




2. We have not included in the above group etthw POsban or Viahuu, 
The former is sometimes said to be a sun^god hut the connexioa is extremely 


• Appenidu II fi™t *|»pw™d in ii* ef (Ac Ann*ic Sttuiy of 

Ml) RV *, i. ISI'i rti, »**. (!) *. Wt P) ih '*'! “• «*!**• t 1 

Ti, SI*; Tii, 6S‘ t 1 , 3t»5 *«. (S> T, 4S^. (T) i, i 4fi» ! yii, »* ; tnt wt, SS» (pw* oolj 

■tMd ■od ia ft ttt*, ** Ac., tlw nmnllwr ii todefiniW. {8) t SOi'. (•) tU, 83'; x, 37*. * (10) *t 37* (AV 
ntmiiLkTiin SOiyA'i clumatcnfltJcal. 

■ ( 1 ) Till. 18*. (S) r, 84' j tB. 38*.' ( 3 ) t. 81* ( 4 ) 1,36*, * 5 A 71*. M tH. »* j Til, 46 * (ft) i, ( 8 ) 
tii, 82** (7) i, 36*; t, 82 *; tH. 38’. 

*(1) ii.27' Aft iAe. (3) iH, «*: v, «1*: **4 38* j 

* (1) Tbe Simt iix nuot* «n (Sthi in U, 27 ; in nlio Tii', IS’; 4^ (2) *, 72*. 3) tS, Sft*. (4) A. A_ 

JUcawTiM. Vodic 44 ; bat hc Q, A*L A F** 183. 
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loom, although in later timea POahan is used a$ a tiame of the saii> 
in poflt-YedJc times became the fint of the <Adttjas and one of the great gods 
of the Hindu triad; hut in the Rig Veda he holds a subordinate position. 
He is there characterised chiefly ly Im "three steps,* * which geneial opinion, 
without much warrant, refers to the course of the sun. In one not very 
clear passage (BV i, he appears to be connected with the lorn ^jiiartera 

of the year, each of which consists of 80 days. In modem times hia purely 
theistic characteristics hide any possible solar relationship.* He has few physical 
traits left, practically the only one being his anthropomorphic * three strides.’ 

3. Other quasi-astronomical deities are the twin Asvins and Soma. The 
former have been supp<Hed to be connected with the morning ami evening 
star,* but their conneiion with any astronomical phenomenon is really very 
vague, although they are often associated with Siliya, the daughter of the 
Sflrya,* Their name implies the possession of horses and they have other traits 
which suggest some parallelism with the Greek DioAourca. AlvinI is the name 
of the nakahatra usually IdentiBed with p and y Arietis. 

Soma is, in the Rig Veda, hardly connected with the moon at all* ; but 
perhaps in the later bocks,* and certainly in the Atharva Veda,* Soma is a 
name of the moon. In later works the moon as a separate divinity is rarely 
mentioned and in modem times shares the subordinate position of the planetary 
gods. Contideting the importance of the original Soma and the large part 
the moon plays b regulating religious practice b India, it is surprising to fbd 
that a moon-god proper has no place of importance b the Hbdu pantheon. 

4. There is some diversity of opinion regard bg the relationship of these 
deifies with astronomical bodies. We have, for example, Oldenberg's suggestion 
connecting the Adityas with the planets,* and Hillebrandt’s theory that the 
whole Rik is centred round a lunar cult.* But these hypotheses really relate to the 
remote oHgbs of the Vedic deities and have but Httle direct bearing on the 
characteristics of these deities as conceived by the Rishis. From our point of 

, view is seen the importance of the fact that b the Rig Veda none of the 
gods except Sflrya shows hardly any astronomical traits; any astronomical 


■ ** Til* 4«iiP of the troe coTeiwi witli a, fnldim dulc. Opvn tliBt, 0 tli*t w* 111*7 «« the of 

bli* tni«^ O F&aliiJU ocily Tua* GAijE, mu oI Pnjip*ti, iprtfd tJny nys *iul gMber Isd 

* Oldenberg dcetiu tint tfu;* ot idiftr elnnct^r in Vifth^n * 

but iia tbfl Fagiaiu Jeu4i Mm* t*kU«u1iip w uulirttedp Tb* iiuip whkb b tli* Lutrnul titkohjm^ng lights 

ii ffspmiKiJy * portiaii of Vulurin j, uid ita ffUpMi* itinniUtOt ii the utt*T*iue OSI." Fiifrim PmMna ij* 8. 

" A- A. Macdostell JT^A. 03. Attcmpti to ideniily them tvltb tb* msxi and moon hATc bpm made, 

* mU lb* refmoH* to Boni^t bor witli tb* AAvtiifp ■* DViiiitiBg tliHr cxr, ind mL* rnppemr* lo 

tbeir ioint wi£a. Oiw ■ho ii ccnmectod with POiibtn (EF Tt, fiS mud (Ij <aict with thv raoon (x, 

" howvrfiTp tbfi HQlfbmidt'j vinr ui the ntii puii^plt, 

» Tii^ « j It B ^ 

^ Ui*t oed fb* Adityu lire lii« itin« mutm ■nd pltnH*, &eu 1 thKt Ihon btd 

bfTO borrowod Cfqoi tb* iBeinli« or SiimefiuiAp or b«d roedTod tlwir Mtionomio*] cjimoter from Ibmi. i)(> 
po* dtt IttS L *1*0 O- Scebadeb m EBB ii, 3^. 

* P<diKkt Mw^koiocit fBudL dam* *iDd vnwAiidte GMter^ S« aIm A* A. Bliclw^rELi Fedic 
p, 1I3. 
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connexion there may have been hae become obscured. Consequently from the 
Vedic deities of this type we- may not derive the post* *Vedic and mediaeval 
astronomical gods of India. 

5, Of Vedic ritual specially applicable to Surya there is no information » 
but, as all the gods were worshipped so, no doubt, was Surya, possibly with 
appropriate ritual. " Adoration to Surya .........celebrate the rite^ enjoined by 

him and sing his praise.^' fKV x, 37^). 

Post-Vewo. 

6. Between the Vedas and any subsequent body of Indian literature there 
is probably a big time-gap. At any rate the intervening period sufficed to 
alter considerably the general conception of the celestial deities. In the Atbarva 
Veda there are indications of the coming change. In the BrShmanas^ the 
Adityas are twelve and represent the twelve months of the year. Later the 
whole group became merged into one sun-god, named mdisciimmately Sttrya, 
Savitri, Jlitra, Aryman, Piishan, etc. In the Upanwhads the sun is of great. 
importance.* In the epics,a sorb of heliolatry is indicated:* the Jfahabharatt, 
gives 108 names of the sun the KOmSyanti devotes a canto to bis praise.* 
The Jatakos^ also refer to the worship of the aun ; the Parras relate solar 
myths, tell of a race of solar kings* and give in outline the ritual of sun 
worship that still obtains.^ 

7: Already there are indications of two conceptions of the solar deity that 
were, possibly, independent of each other or even fundamcntelly antagonistic— 
the one being purely Hindu and the other of foreign origin or largely influ¬ 
enced by exotic cults. In Hinduism the sun " is blended so inextricably with 
the conception of Brahma, beginning with the famous Gfiyatrl stanza,** as to 
justify the statement that there is scarcely any theosophk hymn which does 
not more or less distinctly, primarily or eecondarily, have in mind the great 
heavenly body." On the other hand a solar cult of a less abstract nature, which 


1 Tins liOTifiver, b tmt 

vi, L2*; 

* S«tyAv-Aiiui paiilialii Iiw!4iut» oq th4 tfiia ^ the wdf ' fCJU U~ lii. iTbit goitleo irtio la awn, 

withiii the ncu * , ^ b thf lard ftf aH the world* (Ci. U- L. fl*—’Ji Chuptff iU c| the mme UpAziiih*d b loisdJ- 
iMhta dpOQ the r*yiof Iheimn, tc. Sflo also the KeujhiteJd UpKiiiih*d, il^7p eki., ote. 

* vIp ](KI^ Agjm t-a my 9 —'* O m^hty Jbteu to the nkl myetcry by which thqn mit canqaer *J1 the foe* 

is the h»ttb. tf*Tin^ d*ily repented the JLiikinbridhi*# th« lK»ly ffwyq: whkh dntro^^'a mil eneisieik. give* 
victoi>\ remqvee *JI *aai, mrrmm mud diitrw^ Incrtue* IHe» end which ii th* hlening of mil bleamga, — ^wutehip 
the riling hiii »f»l the Bplendid iUtl„ who b respected hy both godi *£hI deTnoim, who give* light tfl *11 bodb* mud 
I* the rich lord of *ll the worhl*. etc,, oteJ' 

tSe«DOL 159,534. Bd. £. B, Cawdl. 

■ Compitfr the oftietil ciilt of the tmtildted by ADrelbn (A.D.270^t7Sl m 4 it* cemdisdoa with 

worship of tho EmpMOf*. The Chbli of Ud*ipQr« Jodhpur^ Jiipur iiid SiruQf cbim (o bo oi the " lobr 

^¥P L 11. ett 

“The Uhyatrl (BV iii. reeJly * mmotf*., *iid H b doohdol wbethH-lt oelgInaUy refemd to the 

pm. 1% hi* lufwo rendered thu* t Uey we th*t excdknt gkify vt Sivitfl the God - So may ha itimolitfl 
onx pwytfi. 
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found plenty of joBtiilcation in the Vedas, but which was prohabEy not alto¬ 
gether indigenous, was in v<^ae in northern India for a fairly long pericKL 

Astbonouical ^Yras. 

6. Some of the astronomical myths show Vedic origins but mc^t of them 
belong in spirit to the epic age and some of them show no Vedic relation¬ 
ship at all.^ The most important of them myths naturally relate to the sun 
aud moon; but, judged by the references in popular literature, by far the 
best known were those relating to RoIuqI* and Rfi.hu.* In very brief outline 
the more important myths are as follows:— 

The Sun (Siirya) married SaSjSfi, but his light was so overpowering that 
she gave him Chhfiyfi (Shadow) as a handmaid. SanjSfi retired into a forest 
and assumed the form of a mare, but Siirya, as a horae, discovered her. Among 
their offspring were the two AAvins. Safijfffi’s father, in order to reduce the 
Sun’s power, placed him on a lathe and cut away an eighth part. Vrom the 
fragments cut off were produced the discus of Vishnu, the trident of Sivs 
the lance of Kftrttikeya, etc. The sun waa also a great scholar; he taught 
the Vedas* to Yfijfiavalkya,* and to Maya the system of the planets.* 

The Moon (CEiandra), of doubtful parentage, married the 27 daughters of 
Daksha, thi.t is the 27 nakshatras. Bohi^i (usually identifijed with Aldebsran) 
was the favourite, and the others in their jealou^ appealed to Daksha, who 
punished the moon with the disease of consumption, which was afterwards 
mitigated to the extent of makiiig it periodical only; hence the waning and 
w'SKing. A second lunar myth’ relates that the Mcmn carried off Tfirfi, thereby 
causing a wide-spread quarrel among the gods. Budha (Mercury) was born to 
Tfirfi and the Moon; and from fiudha sprang the lunar race. 

Mars is said to be the son of $iva, and is sometimes equated with Kfirtti- 
keys, who was also the son of Siva, K&rttikeya is the god of war and rides 
a peacock and carries a bow and arrows. He was fostered by the Krittikfis 
(? the Pleiades) and hence bis name. 

Mercury is Budha (' wise ’) and the son of the Moon and TfirS; Venus 
(§ukra, * brilliant') is the son of Bhrigu; Jupiter is Bphaspati or ' Lord of 
prayer*; Saturn (Sani), the son of the Sun and Ctihfiyfi, always has a malig¬ 
nant influence. Of these four planets no specially signiflcant myths are related. 

Rfihu, a semi-reptilian monster, stole and drank some of the amfita. of the 
gods and so hecatne immortal. Vishnu thereupon struck off his head, but, as 
be had secured immortality (for liis head at least), Rfihu was placed in the 

I ¥«di« hUt ntjUi that £adim ito a irbeeL ItV iL I7 & *; iti 

■ “ Fox bl«t. with ion £i ibe^ Am vitb iht nnwt VKlmEki't il, 

* Lflci! ihp fur moon from KAhp'p |mwi mi int'^ It, Se« nlsd Jdfdbo# aoi- 

4; 114^, t£i^ 27, 2^; Tf^ 71, «t«. 

* vL ** Hlup thn ndonlilfr nm, whom PcIf ii thfl V«dAp vhe iibid« ra tbo V«fU whom wui Vwlto hpiaw 

li olkd ninwe /W* Pii, AOh 

^ ALBlntfni U itS- 
BiddAdnm hit 

^ VF bf, iw Pitt, 



astaokoujcal myths. 


107 


Iieavens. It is said tliat R^ii’a theft of the amflta was discovered by the 
Sun and Moon and that in revenge he occasionally swallows them 
causes eclipaes. The myth is, possibly, partly e^totic. AstronotmraUy Rihu 
became the moon’s ascending node, and Keta, a later introduction, the des¬ 
cending node. There is some confusion in modern texts: Kabu was ca ^ 
Kabandha, ' headless.' but the introduction of Ketu as Cauda Z>™Jort« made 

this nomenclature anomalous. . v* 

According to Jacobi, Garuda was a sun-god.^ Vmati, a ^lighter of 

Daksba, impatiently opened one of her e^s. It contained a bad ( 
whose upper half only was developed, Arupa became the cl^ot^r of the 
sun, Vinsta’s second egg produced Gaiuda. an enormous bird. He ^ ecamo 
the servant of the NSgas, who, however, promised to set him free d be pro¬ 
cured for them the ompta. Eventually he vanquished the guardian gods and pro¬ 
cured it, in spite of Indra. whose thunderbolt {vajra) caused the loss of only 
one feather. On the ground strewn with kuia grass Garuds placed the 
and invited the snakes to partake of it. White they bathed, Indra, who ^d 
become friendly with Garuda, carried ofi the amfUa. Garuda , was rewarded 
by Vishpu who chose him as his and gave him bis standard to 

There is a quasi-aetronomka! myth based upon R\ i, 71 ” 

which becomes a sUr picture embracing Sirius, Orion’s Belt ^ 

The Tailtiriya Brahmapa gives a star picture of Pra}apati, and ^ 

Sartihita (Iviii, 105) gives a nakthatra puruska,^ which is obviously 4nv 

from the Jtofo purusfia (' time man ’)-a human figure made up of all the fflgna 
of the aodiac—given in the BribajjBtaka fi, 4). 


Mediaeval Solar Culih- 

a. There is abundant evidence, dating from the early years of tbi Christian 
era ahowing the practice in mediaeval India of a saUr cult, and to a more 
limited extent of a planetary cult alsi^ PhilosUatus mentions* a temple of 
the sun at Taxila; Yajnavalkya and VarSha Mihira give details of ritual; 
Yuan Cbaung refers* to the sun temple at Multan and to the offering 
Sowers and perfumes to the image of Surya there, and Alblruni a o mentmiM 
the same temple, of the founding of which there is an account m the Bha- 
vishya Purilpa.* inanda Giri, a writer of the ninth century, counted ax 
formal divisions of sun worsluppera, of whom some worshipped the ^ng, s^® 
the setting, and some the noon-day sun, others aU thiw as 
earliest known Indian mscriptlon referring to this cult k dated A.D. 4«6, bu 
from that time onward there b plenty of evidence of this type. 


I EHE U, 804. It i. dodbtfii. bpt tht myth if gi™. W™ «f ii. -ilh tb« R*hti myth. 

* *!» th.c Pwna^ eb. 

■ Lift of Apoikmivt of T^na IS* niif- , r a 

• w. HoMiBf Jtttisum* ^/■iiia. 447. For « folfr iwfgc •« F. KL fl*™ Induim tmoft* td 
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The following are brief quotations from some of the earlier inscriptions: 

" May that Sim_whom Brfthmans of enlightened tninds, according to due 

fite.to be applied to a lamp for the divine Sttn.”^ (6) May that Sun 

protect you who is worshipped by the boat of gods for edstence, and by 
the Siddhas who wish for eupematural powers,...who is the cause of the des¬ 
truction and the commenceineQt of the nniveiae. Keverence to that Sun whom 
the BrfthTnamcal sages... .failed to comprehend, who nourishes the whole of the 
three worlds* * who, when he is risen, is praised by Gandharvas, gods, Siddhasr 
Einnaras and Naras, and who grants desires to those who worship....”* (c) 
” Let it he known to you that this village is given by me . .to the holy Adityn 
....with libations of water, to be enjoyed as long as the moon, the sun, and 
the planets endure.. 

10. Evidence of another type occurs in a work on astronomy. The best 
known of the mediaeval text-books of this scienee in India, the Sirya SiddhdJita 
gives the following interesting-account of its own origin 

" When but little of the Kfitn age was left/ a great Asum named Maya* 
became desirous of knowing this mysterious, supreme, pure and exalted science—‘ 
the chief Ved&nga—in its entirety; the cause namely, of the motiou of the 
heavenly bodies. 

" He performed in propitiation of the Sun very severe leiigioua austerities. 
Gratified by these aiislerities and rendered propitious, the Sun himself delivered 
onto that Maya who besought a boon the system of the planets. 

” Ihe blevicid Sun said: * Your intent is known to me and I am giatihed 
by jcuT aofiteriticav I will gtv« ym the sedenoe on which tUDc m founded 
the gi^ad sptem of the pUneta, No one ia able to etidiure my briUiaiDcj 

Fot comiDimicatioii I have no teiaure * This person, who is a part of me, 

relate to yo\i the whole* Go th^efore to the of Eomaka where 

jou reaidfflL There, nndergoiag mcarnatlon as a hErbarm!i, owing to a curse of 

Bfabma, 1 will impart to you thia acktice/ 

G^grapeicai. DisTBiBcrnoE. 

11^ The geographical distribution of the temples devoted to the worship of 
the enji is noteworthy. Most of those of which we now have any record 
were artnated in the north-west of India—from K^thifLwSd to TaxEa; bnt there 
are femains also in upper Bengal and Onsaa. in South India only one, in 

Tanjore^ ia known. Images of Siirya are mneh more ntimeroua but cover nmch 

the same ground. Sculptures of the nine planeta are more rare but occur 

in the ^me parts of northern ludia^ and at Kolhapur h a so-called Nava« 

* liutof ioMtiplwta ol A.l>. 4S&-iSS. CIl iii, 71. 

< Hudiuv iBM3tipUDQ ot Kasan Qiptm Ail>. 473-474 CTT WJ. 

■ pktcB f}i Jfejr&TftnUtiJU a CBikghAt) £1 47^ 

4 Le. wrta* tjmjm ym 

4 Ytfmhtj Uw Ahon Muds it meuL 

* Wfarni Tij?BT 4 Ui 7 « wponmtrnd ihA Bim Ut twb Bun iht Vtdu. Um Eqd ttad t ** Hqw £■ ihit |M»il)Ee %m 
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grahs temple. The Saiva temples of South Indk are said often to coutain 
images of the plaueta, but dehuite records, except for a aet at the temple in 
Tanjore already mentioned, are lacking. Besides these monumental remains 
there are inacriptions which naturally occur in the same localities, the most 
interesting being at Gwalior and Bulandshahac. The most notable centres of 
sun (and planet) worship appear to have been at Mudhera in GujarJt, OsIS 
and Sirohi in Eftjput&na. MultSu in the Punjab and Konftrak in Orissa, The 
(?) solitary South Indian sun temple is at SuryanJtckO'vil in Tanjore. 

There is also famt evidence of a separate lunar cult in iudia. Certain coins 
of the Eushha rulers of the second century A.D, bear images of a moon-god 
and there is also the Paurft^ic tradition of a lunar race of kings. ^ 

Mediaeval Ritual. 

IS. The YijSavaUryasmriti, which was possibl}' composed in the fourtb 
century of the Christian era, contains directions for the worship of the planets: 

" Those desirous of prosperity or desirous of peace should worship the 
planets. For rain, for long life, for nourishment act in the same 
way. The Sun, Moon. Mars, Mercury, Jupiter, Venus, Satum, 
TtShn and Eetu should be remembered as planets. 

"The planets should be offered copper, crystal, red aandal, gold, ^ver, 

iron, lead and bronze in order. They should be marked on a 

board in their own colours in circles by Mindal-wood, or their 

several colours ^ould be indicated by pieces of cloth or dowers. 
Also perfumes, garlands and incense of gvggtdu should be offered, 
and oblations should be made with mantras.'* 

Then are indicated the appropriate mantras, which have a very special 
interest as obviously they were considered the most suitable of the Vedic 

texts for the several planets. The connexion, except in the cases of the Sun 
and Moon, and perhaps, Jupiter, is generally mer^y a matter of some verbal 
similaiity: for example the Budha (Mercury) mantra begins with vdbudhya. <te., 
Le. "TVake up, etc,” The following translations are taken from Griffith’s edition 
of the White Yajnr Veda. 

The Suk.—" Throughout the dusky firmament advancing, laying to rest the 
immortal and the mortal, borne in his golden chariot he cometh, 

Saviiri, God, beholding living creatures.’* {AVYA' ixxiii, 43; RV i, 
33*.) 

The Moon, —Gods quicken me that none may be my rival for domi¬ 

nation, mighty lordship, me son of such a man and such a woman, 
of such a tribe. This is your king, ye tribesmen: Soma is lord and 
king of us the Brahmans.” (WYV ix, 40.) 

Mars.—“ Agni b head and height of heaven, the master i the earth is 

he. He quickeneth the water’s eecd-*’ (WYV iii, IS, RV viii, 44"*,) 


' Tbs ebteti of Kv«p|i ami Jaualiur daim 0) Iw ot tn« * imui 
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Mercury.— " Wake up, 0 Agni, tkou, aud keep him 
and fruition meet and be together. In this and the loftier hahvta lo 
be seated, AU^ods, and the sacrificer.” (WTfV xv, 54.) 

Jupiter.—“ Give us, Bfihaapati, that wondrous treasure, that whieh 
exceeds the merit of the foeman, which ahines among the folk effectual, 
splendid, that son of law which is might refulgent; taken upon a 
base art thou. Thee for Brihaspati-This is thy home. Thee for 
Brihaepati.'* (WYV xivi, 3; from EV n, 23.»‘) 

VEsnJS._" PrajSpati by Brahma drank the esaence from the foaming food. 

the princely power, the pore bright drinking off of jaice. The power 
of Indra was this sweet immortal milk-*’ (WYV xix, 75.) 

Saturn.—" May the celestial waters, our helpers, be sweet for us to 
drink, and flou' with health and strength for us." (WYV xxxvh 12; 
see RV Xf 9*-) 

Eahu.—" tv hat succour will he bring to ns, wonderful, ever prospering 
friend; With what most mighty company T (WYV xivii, 39; RV 


iv, 31»). ^ . 

Kipru.—" Thou, making light where no light was, and form, O men,^ where 

form was not, wast bom together with the dawns.'’ * (WYV xxix, 37 ; 


RV i, 6*.) 

13. Varaha Mihiro (6th cent. A.D.) also gives* 


a faint ontline of ritual. 


His tbrections are as follows:— 

** The Sun and Mars should be worshipped with red flowers, sandal 
paste, the oatufa dower, and gifts of copper, gold and oxen to 
Brahmans. The Moon should be worshipped by the gift of a 
‘ white cow. Venus should he worshipped with white flowers , and 
by gifts of silver, and sweet and nutritious things. Saturn 
should be worshipped by gifts of black substances; Mercury by 
the gift of geroa, silver and with the tiiaka flower. Jupiter should 
be worshipped with ydlow flowers and by the gift of yellow sub¬ 


stances.” 


Iconorrathy. 

14. Besides the suulptuies. that have been preserved there is a certain 
amount of information relating to planetary imagery recorded in the Pura^ias, 
in the early astrological works, and in the modem jHjadhaiis or nmnuala of 
ritual, and fa^ltilgas or almanacks. , 

Separate sun images occur and these are not necessarily connected with tie 
planetary group. These sun images are often very elaborate and exhibit, be- 
RiHpH the sim-god himself, a number of attendants. 

The wbde set of the nine planets, the jwtwpmAo, is, in early examples, 
generally shown in relief on a rectangular stone slab, which often formed a 
temple lintd. Except in the cases of R&bu and Ketu each planet is shown 
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as a human tigura—all of them, iucludiTig the Moon and Venus, bemg males. ^ 
To some eitent the several deities are difierentiated by (o) the symbda or 
veapons held in the hands, (t) the vahaiua or ' vehicles,^ (ej odour^ (li) materials, 
(e) special symbols, {/) position,* * (g) dress, pose, etc. 

In the earlier eianiples the vfihanas are seldom, tf ever, shown. Possibly 
the imagea were Homefimes coloured, but evidence b generallv lacking.* The 
special materials were probably only employed in actual worship in connexion 
with the aymbola which represented the planets. The arrangement of the 
planets in scvilpture is generally the week’day order as shown in the tables 
below, with the sun on the (proper) right*; hut in certain ceremonies they (or their 
symbolic Bubsthutes) are often arranged in some such cmcnlar order as is in¬ 
dicated In column F of the tabic below. The early sculptural representatiom 
therefore give U3 evidence only with reference to the weapons and symbols in 
the hands, pose, dress and order. Modem representations, pictorial principally 
but occasionally in brass and stone, show also the different vhhanas, etc. The 
symbolism becomes more complicated with the advance of time, and except in 
the cases of the Sun, RShu and Ketu is now much obscured—the Moon, ilars. 
Mercury, Jupiter, Venus and Saturn being m many represenUtiona almost 
cbaracterless in their aimiUrity, 

In the case of the Sun, besides abundant sculptural evidence, we have 
Varaha Mihira's explicit directions for its imagery.* ” The Sun ought to be 
made,’' he saye, ** with large nose, forehead, ieg»» thighs, cheeks and breast. 
In adpming the image the method adopted in the northem countries should 
be followed. From breast to feet should be covered. He should hold a lotus 
in each band, wear a diadem and a necklace; he ahould be adorned with 
ear-rings, and a girdle (oeyoiiyfl) should be about his waist. 

15. Certain details connected with the group of planeta are now given in a 

summary form. 

The hondjF. The ^mbola, weapons, etc. placed in the hands of the plaBO' 
taiy deities vary considerably in modern representations. The practice of giring 
four arms to each deity is exhibited in none of the early sculptures, bat the 
Matsya Purina (Cb. XCXIV) gives four hands to all except the Sun, Moon 

and Ketn. . 

In most cases the Sun carriw a lotus in each hand: m northern images 

the is often full-blossomed, while in the images of Southern India it is 

said generally to be only half open. Also the northern images sometimes place 


■ Bu.« ii. e. u- ai««. -Ad v.au. 

«a„slT A^rib^ tl« HiAdu V«n. - A- BlWia®. » ’SK 

oI V^« (SBuf) « tl-t Af - - wiU. - ij^p. 

W* W, Mquict tOvi#« L wpfliti lilii caricM Mora necntlj, m £iwflaJ P P- 

0 drawiB^ (Mt ft ol J p*T»gral» il*b *pp*ira tc L llflk 

* tJ ^coidiiis ^ AltSrfliJ, wiih rad iSndm u im 

* In *l leut Mui. no. 41B2) thej ora in tia m™« of 

* %iAaE IviH 47, ^ 2 
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tie hanila level with the waist, while in the southero figtirea they are often 
raised to the shouldera.' 

There is little conoiatency in the cases of the other planets, but in several 
early sculptures R^hu is shown with huge outspread bands. The pitcher and 
rosary occur pretty often i the KonSrek and J&ge4var sculptures give these to 
each planet except the Sun, Rahu and Ketu. Mercury in some early cases 
holds an arrow and has a how at his udOi aiul Saturn holds a staff or standard. 
Rahu appears to hold a vajra in each hand in one case (Kon&rak) and in 
another a vajra is placed beneath him- The uumeroua weapons etc., as given in 
modem paSchSi^gas, appear to have little traditional warrant. 
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ft Pit¬ 
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Spur 
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% 
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—Except in the case of the Sun the vilhana appears to be a 

m&tter of fairly moderis fa-^ion- The Sun has a cbarjot^ soinetiniea with one 

wheel only^* drawn by seven horge?. In one very early ease there are, in the Greek 
fashion, only four horses*; and modem examples often show a single horse 
with seven heads. According to the Agni Purina (B) the Sun may be repre¬ 

sented alone on a horse and there are such examples at Konirak. The Puri nos 
generally give a chariot with eight or ten horses to each of the other planets 
but the modern practice is to give to each a distiuct v£bana. A Lucknow 

Museum relief shows beneath the planets in order—a horse, a bird with an 
animal’s head, a peacock, a boar f.^, a bird with a horse's head, a frog (.^, 
a horse, a vajra. 

1 T. A, OopIflAthk, IUd " Tho Scnitla Ludiui fifUM ol twYr, tm * niEv^ tbtir luinU lifted u high 
PA ifae pud ftfi: uaiui« Ui \QVa* SfFvm which hidt « .The north^ni imAgn, th^ 

oUkt hpfld. b»¥t thdj Mbdi it the nitiuiil lt¥el ^ the Mp» ^ the elbowp.'* EtewunU ^ leone. 

gni/My. p- Sll. 

Q. F, ££xix tAPU v<^- Hub. 5027, otc. 

* Arch. SflT. Ecpm* pJ. Li; F, Mrirai BuAd^ia pl+ h 
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Cofourt.—There « fair mumimity regarding the coioura but that of Mercury 
is somewhat doubtfo]. In the West also specific colours were aUotted to the 
several pknetfL 
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Sjiecial Sifti^>oU ,—The actual images are aometimce replaced by pieces of 
cloth of the appropriate colour or by pieces of metal of certain shapes or with 
certain deigns engraved upon them. These symbolic designs are of interest as 
they appear to have ^me affinity with the western symbda: they are enu¬ 
merated in the table below. 

Dresf, ete.—In some early “culptures the Sun and Mercury are diatinguished 
by special head dresses. In one case that of Mercury is particulariy noteworthy 
In northern images the Sun often wears high boots, a girdle that is eupposed 
to be of 3fagian ongin, and sometimes a sword at his side. 

Potture .—In moat of the early sculptures the planets are, with the excep¬ 
tion of Rahu and Eetu, standing; and in some of these cases Mereuiy is 
particularly differentiated from the others by standing with legs croeaed. In 
several examples Saturn is represented as lame: one of his names is Pan^ 
*the lame/ which Is possibly derived from hi» apfarent slow motion. Eilbu 
and Ketn are aometimes combined in one figure.* 


^ dT+ 47 I SrihaHaiahit 4 ^ 

* u« IS* 

* Luckiiov Mujeum H lOO^ etc 
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The followiiig table roughly tuniuiariBes the pUuetaiy attributea;— 
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1 Th« t«a wpdM [wWirnti* «nd |iuicbM«u. S« oUa J. Buao»» India* Amii^mry mxiii. 


lOM. i>. A1 B. 

■ ^ witih * d*er ^ iM * Mine ^ tb* moon. 

* Pntioft cIl xtiv. 

* BS 47. 
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1 43iP intip*- j 

* AP li CUAyft. Kants. PSiRil* nod ’ dtBMaU wilt shnwriei' ( OP Lzitii pi«s»tMC» ♦'•W* ““ 

» CkL Ha*. 4ei7.4S18» «(& j Ludu Hiu. K M j ctn. 
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PEEfiEKT PraCTIcKh —Sun WoTship- 

17* * The devotions ot tie piona Qmdu are, to a lOoneiderable extent, Embued 
iVitb a aort of astronomical cult, which includes*^ 

(rt) The recitation^ on awakening, of some bueb mantra as the follow- 
ing 

* May BrakmEp Vishnu, Siva, the Sun, the Moon, Mara, Mercury, 
Jupiter, Venus R^bu and Ketu make tbe morning auspicious for 

__ If 
JOlCt 

(6) The recitation of the Gayatrl and meditation thereon. 

(c) The offering to the Sun of libations of water, accompanied by the 
r’ecitation of the GByatii and other mantras, e.g.- 
** Salutation to ViTOsvat, salutation to the luminons one possessing 
the energy of Vish|,u. Salutation to the creator of the world, 
to Savitfi, the awarder of fruitful deeds.”* 

“ Come, 0 Sfirya, of a thousand rays, the storehouse of all the energy of the 
world. Have mercy on me the aacrificer. Accept this offering, 0 
meher of day.” 

Worshipping the Sun and reciting, RV i, IIS— 

*’ The Wonderful hoot of rays has risen, the ej'o of Mitra , Varu^ia and 
Agni, Surya, the soul of all that moves or is iminovablev has 
fflled the heaven, the earth and the air. 

*' Tbe Sun foUows the divine and brilliant Ushas os a mao a woman— 
at which season pious men perform ancient {ceremonies), worship¬ 
ping the auspicious for the sake of reward. 

Tbe auspicious swift horses of the Sun, well-lUnbed, road traversing, 
who deserve to be pleased with praise, reverenced, by us, have 
ascended to the summit of the s)^, and quickly move round 
earth and heaven. 

Such is the divinity, such is the majesty of Surj'a, that, when he 
has set, he has withdrawn what spread over the unfinished work. 
When he has unyoked bis hones from their chariot, then night 
veils everything in darkness. 

“ Suiya in ^ht of Mitra and Yaruna displays his form in the middle 
of the heavens; and his rays extend on one hand his brilliant 
and infinite power, or, on tbe other, bring on the black neses of 
night. 

“ This day, O gods, while Surya is lisiog, deliver us from grievous sin. 
May Mitra, Vam^, Aditi, Ocean, Earth and Heaven grant th?^ 
{prayer).” 

Tbe following passage from the Vishpu PurSiiia {ii, 8) is a natve cotuicent on 
the practice of son worship: The perfomianoe of the Samdhyft sacrifice must 

* doe* Sot to be Bz«d b«| mdio foeb prm^tiae !• foUvwd by orfbodoz nrSbFroiii 

See 6. C, VtsTeasAV* Doug Prottiet of Iht Bimdu*. 8Sm alio R. E. Eimevn 7ltt FottJan Oojorai jt, T ft 

CoK^-tM ibe openki^ eenee el Aiyabliife'i Oagilo, ete. 

* Vubeu PeiSBB ill, II. Nute *1 h> tfaet the Sim i> {nieaebt m the pefaoa at * geect. 
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never, therefore, be delated; for he who Deglects it is guilty of the muxder 
of the 8un. Protected thus by the Br&hmans and the VaUkhilyas, the sun 
goes on hie course to give light to the world/' 

Present Practice—P ianetory H'orsAip* * 

17. There tB a practice of different type altogether from that just dea^ 
ciibetL The following details pertain particularly to the ceremony connected 
with the investiture of the sacred thread. On a small vedi about eighteen 
inches square a lotas with eight open petals is drawn and each of the petala 
ia smeared a-ith the appropriate colour of the planet to which it is assigned. 
The celebrant places on the lotus figure in the proper order either images of 
the planets or pieces of metal, etc., stamped with the appropriate tymbola, 
pieces of coloured cloth, and small heaps of rice mixed with curds. But first 
each piece of metal is washed with the panck amfita to the accoinpaninient of 
approprbte mantras. In setting up the planets the vyahfiti is recited for each 
and the attendant deities are addressed and placed on the right and left of 
each planet. Meditation on the form and symbolism of each planet follows 
and offeHngs of special food to each are made.' The materials for the sacrifice 
are then consecrated: special fuel for each planet having been gathered and 
prepared the h<ma is offered with appropriate mantras. Such is the merest 
outline* of a very lengthy ritual to which the greater part of a day is deroted. 
On other occasions (c.j., marriages}, a briefer ceremony is practised.* 


iKFLt’ENCEB. 


18, Certain evidence relating to sun and planet worship in India has been given 
in outline. From Vedic times to the present day some such worship has Ob' 
tained. but there have been considerable rhanges. It is obvious that two types 
of influence have been at work—one i»crtaining to pure Hinduism, and the 
other, as pointctl oat by Sir R. G. Bhanrhirkar,* of exotic origin. The modem 
practice of sun worship by the devout Brahman may be traced back to Vedic 
times, and here the practice is part of the general pantheistic scheme. Planet¬ 
ary worship is probsbly a foreign imivnrtatioDr™ possibly of afogian origin, 
possibly mflueiiced too by the Mithraic teaching that developed to such an 
extent in the west in the early centuries of the Christian era, and possibly 
also, to some extent affected by Mamchsean practices. 

The connexion between Hindu practice and Mithraism is not veiy marked 
and probably is evidence only of parallel development, or it may, possibly, 
ideate some inteieomraunicatioii. Invoking the sun at dawn, noon and dusk; 
libations to the planete ; the association of particular colours and metals with 
them, etc., occur in both achemea Hindu and Mithraic art also have siini* 


* For drtkili M to the tnrmEblt, colooisi, potitioM, otc., hc the table* ia } 16 

» Thi. brioC do-c^tian U upgo * K«m*aa PaddhttL .J*. the jfanya Pari*, Cb. t«*ii Mtd I>,JH 

Ear rete^. to *aa ood plmart variUp tmoa* twa-Braboiati coausaoibei t» W. caooar The 3«fc« 
C»m>M Cf Mr At-m-irMtm pTttinu* a.d OiM i. lOB, ii. | 85 . 421. «o: iii, 112. 132. 24? 311 a?8 T/ 

T. C. 3-fte A’a,* JVi*** Afoa*^, lea, 170; Tk, ,03 S * **' 

* Purttpa *«r. lodion AblMiuai; XL. I#H. I7 tl 
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krities aiitl might h* * with some proht compared—for example, certain of the 
atteodanta of 3ut}'a mth the Mithiatc Dadophori, the Indian Navagraha sciUp- 
tnrea on lintela with th^ BologfCa baa-relief, etc.,^ the Mithraic Kronos with 
certain figures at Konfirak, the ^x^Qlatii relief* with certain Mithraic aCQ!pture&,* etc. 
For the connexion v^ith Afagianism there ia more definite information.* 
According to VarJha the (Indian] Magas were worshippers of the Sim‘; 

the Bhaviahva Purina gives their histoiy and refers to a Jaraiasta (Zara- 
thustra) as n son of the Sun, and there is a legend of a son of Krish^ being 
cured of leprosy hj these Magas;* AlhMni saya:There are aonie Magiana 
up to the present time in India, where they ^arc called Mags"; an iuscriptlDii 
of A.D, 1137 mentions them*; and'there are traces of Maga Brahmans in 
India to-day. In his Castes and 'Sects of Bengtd^ Mr. N^agendia jSJath Vasu 
traces the origin of these Magas and gives some account of their position and 
infiuence in loxha. The several legends he relates overlap to some extent hut 
they are very mterestiiig and are here summarised—(a) tVhen Praiyavrata, birtg 
of S&kadvipa, desired to erect a temple and place in it a golden image of the 
Sun, he brought eight Brahmans, kuonm as Sauryaa. from foreign parts, (ft) 
The king, after erecting a temple and placing the hniige of the Sun in it 
prayed to the god to provide priests to cany on the worship; and the god 
created eight Brahmans from the eight parts of his body, (c) The Graha 
YUmala relates that the eight Mania, Markapd^, Milndava, Garga, Par&^ra, 
Bhfigii, SatiAtana, Angita and Jahnu beloiiged to §5kadvipa. Their sons, who 
were planet worahippers, were by the orders of Sri Krishqa brought to Sflmba- 
ptir (Multan) by Qaruda. The descendants of these SakadvTpi Brahmans and 
Vaisbya women are Ganakas. (d) Saahnka, king of Gaur, being ill, sent for certain Maga 
Brahmans from the banks of the rivet Sarju (Ghogra). B> propitiating the planets 
these Magas effected a cure and they were persuaded to settle in the country', and tbt 
planet worshippers (Graha V'ipras) are said to be their descendants. 

* F. CwO^T Tt:xlcM *i nuMumcn^i Mitkrn ii, fif. W. 

Artb. E^ptirt. Southern CtNil^p pj.. xvlbr 

' CCHOST, Pig*. tSl, IM, IJl* ftU. 

* Sm Sir It, G. BHAJT&AlLEATi Rtliffm* Sytirmi. 

» Brihai SaikkitA tX* l&, 

•CL II 6. 

India h 

* Bpigrapkica imiica ii* 

^ V'oL ii, p*rtiT, Sh aIio Uie ^■rpcji €^J fd- i (u U 
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APPENDIX III. 
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3. Precession. 


Ym. 

1 Dvigmi. 

IH^graeiT 

Ynn. 

IJOM . 

1%-m 

1 

71-M3 

1000 . ^ 


1 

143-180 

9^ . 

41^ 

3 

114-8^ 

4,000 , 


1 

106^630 

0.000 . 

00-80 

5 

308 103 

0.000 . 

83-70 

0 

429-708 

7,000 . 

07-71 

7 

901-4^ 

0,000 . 

in-oo 

$ 

973-061 

0,000 . 

139-64 

B 

644-0813 


3< Lon8;itudes of certain stars (After H. Jacobi. 
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5 - Sidereal revolutions of planets. 
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KQTDtT ASraOMOMT. 
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9. Ascensional diDerences for certain latitudes. 
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io« Oblique ascensions or periods of risings of signs for certain 

latitudes. 
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— 

1 

1 Sibyt SiddbIflU. 

t 

Afyji Stddhlnti. 

Bnahms SidtIlLintt. 

I 

SboV ivrotutkiin in m , 

j 

4p320.000 

1 4,330,0ua 

CiriJ dtfi 

It 

1^77pOL7,i^ 

ipA77,917J5O0 

I4T7j9]6,4A} 

linlur titbit 

*p 

]pfl03pODO,OeO 

L«03,000,08D 

i,sos.g«»,cioo 

Moda*a sysoit nev* 

•H * 


^.433,136 

A34»,300 

!ii bid> p|. 

M '■ 


fi7p75a,336 

f 67,753,SW 

H UKME. „ 

it » 

57^,133 

S7.£U,tl7 

1 57,365.] Ml 

node* H 

It * 

—232p23S 


—2a3,3iMee 

^ tpsiir«s „ 

Ji li 

4A8i03 

4«S^19 

4»S,[U6b5tt 

Jnpita s 

H * 

304^ , 

3fll^A ! 

364JlS!|i 4fia 


Jnpitaft 

































































4 


124 


Hnnxx 


— 

SOm tiddMnU. 

ArynStddMato^ 

^khEDk Siddliltiin. 

B«Y. of tun"! Jipsia in k yugn » 

f- 

387 

A 

» ¥ •■ 


4 lf> 

ftkoe of sun't npw nt 0 Knli 

¥ 

■ TT* r 4 r 



r 

77 * 46 ' 3 r 

p 4 nuMin'i H i» 

- 

W O' v 

tor 


<r 

i£ 5 ^ tr ir 

„ Japtit^d „ „ 

. 

O' O' O' 

If 

IT 

cr 

atft* jT' »* 

Cif^in. ot ■im'k dpkyel* . 


14 ' to 13 * 40 * 

ir 

»cr 


irtouf' «r 

,p mm'* h* 

- 

31 * to 31 * «(y 

1 



1 L« M'loiO" 44 ' 


13. Modem Values. 



1 

mtu ; 

p 

1 AIDSvlu.1i fcum 

BrM N 

FUcn«l 
WM Bittr 

iBdupdioa 

|q 

Bt^aiHvNI 

HaNiN' 

KiM 

tOBfltW* dt 
tbt BOfc, 

Km ^ 

»K*f 




dlBllinr.: 

1 

1 

; UmHw^ '. 
ild.|V .■ 

TVjPfM 


until tni 


I wW-* 

Kk prtikBim, 


BU 0 

i - 1 

1 " : 

OiO 

.. 

■ « 


«F riT 


- 

- 0 

Km C 

1 

1 ti-mj 

' »* 



fi- r *Ar 

, IS’ U'Wr 

' 


■■ % 

Mjw ^ 

' 

I 

1-H40 

TTfr4| 

UB4-9r 

4* Al'fl'r 

t-iT 

w #*r 

iHr w frr 

• 4 

Himk)- 6 

B-flTl 

BT-IHCH 


ll>BI 

ll.m«r 

7* r iir 

»tr 

dr ir tr , 

fr u- tw 

ir f 

3iFJlim 3: 


4»tlN 

ll-fifiS 

W4S 

tsur 

If If n r 

r Ji ir 

ir t^r 

ir r frr 

r Hi 

TiMifc a 

l-TXIIf 

1UT»I 

#«1K 

«ti>n 

^Tff-dr 

! r ir tHT 

i-«r 

fSr fr: 

ur H- si,r 

liT 9 

Siten 1^ 

«>»w 

IffTKI'Kf 

m-isrf 


asfrda' 

r &' Mr 

r H-fr 

iir&r iT-r 

ir tt- w-r 

^ 4 

^rtb- # 


^ foSrtUi 

k 

fowl 

"■ I 

fl5«rir I 

Ef r V 

" 

% 

i4i* if io-r 

* 


6 > MU" ■ U IHMI 

ObHoaU^ t^' P- 

b^UArW b«dH«i*Ll*(alaii «< IN B«a t-u^- 

S!n^£^i£r7^c^t« am *»M11 kUMra- W^ 

rtKtBli Irfht Of iKlffTk 

UM«KfT^ IP nw>|l 

4il«r 

“"tajj*?**' »ppn»l»-©■WMPMI»- 1P9JP|» 

. WiMAHi—fl-OHOOWU p— 


IcA^k *1 auth : 

fidirif 1 

IrMlh cf dt^ 1 

»Um#l p 

i«l*r 

WMMthi 

ndiBt 
fc^ l*dt» 


, ti-eEf:ti »tu lU 4fa 14*. 
p it'^ITliE « ^ IT# fA t^a ll■fr^ 

. If EE4Cr» ^ - IT# IliUaitl". 

i, 4rdt]* *f m 1 tffElr Its#. 

, HA E* U'ltb'«J lidiiivl iCvc 

, tfltvfiifi - 

v-Uci 

, m*4^ Uteitm - EM«^» iUiilf 


tJW 


IIhw iNm* iiHfl lAoM iicn tdkts M® IH Jwftidw jk'fff'tnl lif ffa* Il*t lili^ 































BIBLIOGRAPHY, 


» 

* 

BiiLir, J. 8.—^Tnite de rutroactnie bdienee finoatale. t78T« 

TtAUCe* Sn, B.—An uc»ual oi the BEkhmiJu' Obwrvniory *1 Beoftres. B7 Sir Bob«it Buk«r. 
In » letter to Sit Jahn Pringle, P.B.S. (FAiJMe^unJ rraneerfm 0/ the Bo^ Seci^ 
London, Vol. LXV1I, 1777, put ii. No. xxx, p. 5M t.) 

Ratd Dsva —Tnnejntion of the SQrya SiddHnU ud of the Siddhhnta SinmanJ by 

the late Lancelot WilkiiuoR, revised by B. D. Seutri, Calcutla, 1861. 

The Haamanden Observatory (Pamphlet, 6 pp.), (SdS. 

HEfrTLXV, J.—A Historical view of Hindu Astranomy from the earliest dawn of that science 
in lodja to the present time. In two paitn, part i. The Aucient Aatronomy. Part U. 
The Modem Antroqomy^ etc., London, 1825. See also A§. B»., 1789, vj, 557—ASS and 
Am. Bet., 1805, vtii, 183—244. 

'BBisSAhA.—^Tbe Treatise on Antronuiny by Bhiskaricharya with hia own expositioiL, the 
Vaaana Bhashya. Formerly edited by the late Mahamahopadhyaya Pandit Bapu Deo Shastri. 
See also under Bapu Deva Swtri and Boer. 

Bodtik, a.—C' ief et Terre, Bruiellei, 1908, pp. 155—113, 109^183, 150—163, 313—2S3, 

* BaAmUSFHUTSSIOOHAttTA Ann DuViKAOnABOFADCSHiDIITiTA Sr BftAUMAOtmA.—Edited 

with his own eommentary by Mahimahopadhyaya Sudhakaia Dvivedin. Baurer, 1009. 
BnurNAirD W.—Hindu Astronomy, London, 1896. 

BuittEB, G—IiuL Ant., xxiii, 1894, 338—349. 

Buboess, J.—Notee on Hindu Asbitwomy and the History of oui knowledge of it. JRAS 1893, 
pp. 717 f. 

See also Ind. Ani., 1891, u. 53; and Imf. Ant., 1906, XXXV, 334—335. 

CAt.cVTTA Revusw, 1850. nv, 65—83; 1900, a, 344-356. 

Lala CdHOTK Lal.—T he obscure text of the Jyotuha Vedahga explained. AUahtsbad, 1907. 
CouBBOOKB, H. T.— Ae. Bee., 1807, b, 323—376, and 1816, xii, 309—350; also Afisc, Essays, 
II, xiT, 321—373 and II, xv, 374—416. 

Di™, S,-.ds. Jim., 1790, u, 335—387and 1793, iii, 006-227. 

Delaubre, U.—^Histoire de I'astcoiioinie ancienne, [. pp. 400—556. 
t Dixsetr, S. B.—^Shaiatiya Jyotih-Sastca. Feesu, 1896. 

See also Corjt. Inecr, Ind., 1888, iii, 145—176: Ind. Ant., xix, 1890, 48 f., and Ind, 
Ant., xvii. 1888, I—7, 313-317. 

EoGXLiMG, J.— Ct. Bane. MSS., India Office, Part V, x, 1896. 

Futrr F. F.—Enc. Britumica, 11th £d. Vol. XIU, 491—501. JRAS, 1911, 514^18 and 1911 
JRAS 1916. 313—230. etc., etc. 

Gabaett, a ff. and CuArtoRADHAn Ouuciti.—The Jaipoi Obeervatocy and ito Builder. AUalta- 
hoi, 1903. 

Odsrik, }. M. F.—Aate^nomie indienne d'api4a la doctrine et lea Evrea andennes etmodemee 
des Brammra eut I'aatronomie, I’astiologie et la duoaolgie—enivie de Pexamar de 'I’astm- 
nomie dee anciens penplee de t'oiient et de rexpUcation dee principacix monuiDente astro* 
aOBUCOAetrologiques d* I’Egypto et de la Pene. Porw, 1847. 

* HAll, F. £. asid Bafu Deva SABtant.—The SQiya Siddhanta, an anexmt eyitem of Hinda 

Astnutomy; with Reganhtha'B expeeitian, the GAdhartha-Pralfiselra. Bthfiolieoa InHea, 
Calcutta, I6f^. 


Thfl DMikTit] wJtJi u itLethik m ia 


f la lUnthL 







l2(> 


bibuogkafoy. 


HotStHOtoM, H. B.—Oriesul AiAmMimet, Jaffna^ IMS. 

Huktsb, W,—Som« AoDoimt oi ths wtronoimal kbrnm of B*j*b ©f Amhliorc or 

JsyMUgftr. (A«hkCie Rettomhes, v, 1TS9, p, ITT £. sjid p. 424.) 

Jacobi, H, 7*td. Ant., 1888, xvii, 1«—18J ; Ep. Ind., i, 40^60 and ii, 487—488; fttlgnui 
OH 78of*, 1883, f0—74. Ind. Anl. nju, 1894, 154 1., ZDMQ. YT.TV iftte >Ad 

L. 1B96, G»—8A-JRAS, 1909, 721—720; 1910, 456—484. 

Jems, S™ W.—da. &».. 1790, u,389—306; 17S3. iii, 207—394. Worii, iv, 1_47 48—69 Ti_92. 

Kayb, G. R.-TI 11! asttoDOiiiicHl ob«rvat«rie8 ol Jal Singh. Calcutta, 1918. ’ Aodon't Hindu 
Hph«hcfti a^tTioiioroy. JASB^ 1919. Hindu AEtrobomTcat Ddtite JASB 1930 
KkiTBf Aa B. JRAS^ 1909^ llGC^llOft; 1910| 46G—^S§; 1911* jT&4 aind J914 637—640* 
1916, 127 f.. 322 f. ’ ’ 

Kbrit, H.—The 5iyabhatfy« with the conunentaiy Bat«dipUca oi ParamadievaA. Leiden, 1874. 
The Bribat Sa«hitA ©r eompkta eyistem of Dnttural aetmlogp of Vanha JSA3. 

1870-75: and Vertpereide Geaekr^en, 1913. jSw aleo JSAS, 1863, pp. 371_387. 

OuMtKBSWi. E.—ZDMG, XLVIU, 1894, 629-648, XLIX. IHMS, 470—478; JRAE, 1909,1095— 
1100 . 

PlT.r.u, 1.. D. 8.—Chronology, 1911. 

PliavralB.—^da. Set., 1795, ir, 109—184, 

Fbokodb CBAynBA Sui Gb'rra.—Papen cm Hindu HalhooiuricaaDd Antioiiuiuy. Catattta, 1918 
EoSR.-^dSB, 1844. 

ScKBAii, R.—Kalaada ri tgtaphiecho und chronologuclie Talein, 1908. See also Ind. Ant, 1899 
xvtii, 390—300. 


Sbw«li„ E,—Indiiw Chzonogimphy, 1912, 

Skwbu., B. and DixBBn, 8 . B,—^Tbe lnd‘*" Calendar, 1898. 

SiuiunABnY, R.—Gavim Ayana, The Vadic Ere 1908. Ind. Ant., xli, 1913, 28. 46, 77, HT, 
SaxAU Dttvkdi.—G a^aka Tatw^ini, « Live# of Hindu Astronojoeis. 

Biahmuphuta dddhanta and Dhyanagrahopadeahadhyaya hy Brehmnguuta, Benota, 1903 , 
Jyaqtieha, Bcnane, 19Q8. 

Thibaitt, G.-Antranomie. Aatrolc^n and Mathnmatik (GnindrUii der indomriachen Philolosie, 
iit, 9, 1897), 1 ^ ^ 8 * f. See alao JABS, 1877, XLVl, 411—437, 1880, XI4X, 107—127 and 
181—206 and ind. dai., xaiv, 1895. pp. 85—100. 

IWJiaOT. 0. and SuniiAiUJa Dviv*Di.-The PaSchaaiddhantili. The aatrononiical work 
of Variha Mihirm. The text edited with an original oommentaiy in aanskrit and as Engluh 
tiaaalntioa and introduction. Benam, 1889 , 

XlUK, B. 0,—The Orion, or researches into the antiquity of the Vedan. 1893. 

The Arctic home in the Vedan, Bombay, 1908. See also JnJn*. JVVnUI Iniernai Cona 
Orientaiitti, 376—383. 

WaftBxx, T.—Kala Sankalita. 1826. 


Wkbku, a.—I he vedeechen nachrichten vom den Naxatta, I860—1S82 ; Uberdoi Veda Kalendar 
1862; and Ini. Btnd.. x, 1868. 313 t; x, 254 If. 1867 ; x. 1868, 313-263 ; and Ind Ant' 
1892, Hi, pp. 14-19. 

tWHitKXft W. D. W ] Buaogae, B.-T™ialation of the SOrya Siddhinta, a tnxt-book of Hindii 
Artronomy, wrth notee and appendix by Rev. Ebenexer Buigea, aedeted by the Committee 
of PnbUeation. {Jontnal ^ tie dmencaH Orieiunl Soeietff, 1858, pp. Ui—493.) 

Wmnfxx, W, D.-8« ako Onenial and Lingmatia Stediet, 1874, ii, pp. 34i..^i - ' JAOS, 1894 * 
iad. did., xxiv, 1896, pp, 361-369 : JRAS, 1865, pp. 310-331. 

Biot, J. B. — Btuden enr I'antnioonue Indienne, 1809, 

DHmxHDBiifATH MoxxajxR.—Notoe on Indian Antronomy, 1921 . 




BIBLIOG^PHY. 


m 

Shhtdvoodb, W,—Oa th# Stoya Siddbante, ft JRAS, ISfiS, pp. 343—^70, 
BsAUDiJL—BmfNivtte, ftc. JRAS, 1865. pp. 392—118. 

CirnnHiu., H. 11—The Hindu Beligioxia Year, OelootU^ 192L 
E^ATn, Q. B.—The NakilMtru ud Preoeeabn. /«*! Awt,, 1921 . 


abbreviations employed 


-+- 

AB RrihmiiiA. 

AP Agfii 

A«. 'Rtm, = Ad^tdcs Rwarch^, 

AV = Atliarva Vrda. 

BJ = Brihaj-jAtaka. 

6S = BfUmt Sftmhiti. 

Ch. U = ChliAadogyu Upuulud. 

ClI ^ Corpnj luMcn^dmum Indicumin. 

El ^ EpignpluA Indies. 

ERE Encjeki|wlijL of Boligion ind Ethics 
GP Si? Gsnids 

lod, Aot. = liidisii /ntiquAfj. 

Ind. Stud. = IndiBchd Studieu. 

JAOB = ioumst of the Amecicsn Oriental Society. 

JABB = Joumst of tho Austio Bocicity of BengaL 
JBAS = Jonms] of the Rojs] Awtic Society of Grest Britsbi szid Irelan 
JV = Jyotiehs Vedi^p 
ACE = Msbsbhimts, 

MBU = MsitFayaoA'brihiiiso& Upenishad. 

PS = Faikhulddhsntiki, 

R = Ksmaysnii, 

BV = Rig Ved*. 

e= SstApaths Br&bmsns^ 

SBE Sacred Bocka of the Eaat^Bdited by F. Mai MoU^. 

BP = SOryaprajoEpti. 

SS = SQ.rya Siddhaiits. 

TB ss Tsittirlya Brilu&a|;is, 

TS Taittirfjs Badihits. 

VP == Viabnu Purina. 

ZDHQ Zeitsduilt Aki Deatschm Mot^snUudbehen Gaellsolidt. 



ADDITIONAL NOTES. 


I. The introduction of Greek astronomy. 

In the text of thi& memoir I hare not referred to the question, reteed bj 
Whitney end othen, why certain improTementa introduced by Ptolemy into- 
Greek astronomy do not appear m the Indian works of the sixth century on¬ 
wards. On this basis it has been suggested that the Greek astroncmy (and 
astrology) introduced into India is pie-Ptolemaic. AppareuGy this ntesuis that 
after about the second century A.D. India accepted no further intellectual 
matenal from the w^t, and in particular it seems to mean that the astrono¬ 
mers of the sixth century onwards knew nothing of Greek astronomioal science 
later than that of the early second cectory. On the other hand the earliest 
Hindu-Greek astronomical work known to us is of the early sixth oentary 
A.a* 

Whitney definitely suggests that Greek astronomy came to India by the 
sea route, and not overland, before the time of Ptolemy. His arhitrsiy closure 
of the land route is unacceptable; and, of course, in the first and second cen^ 
tuiy A.D. a good deal of western astrolDgical and astronomical lore was current 
in, say Ujjain and Taxila. No one would deny that; but it is difficult, if not 
impossible, to accept the suggestion that no further western knowledge found 
its way into western India after the publication of Ptolemy's great work. 
Either that is meant or, possibly, it is meant that the Hindu astronomers re¬ 
jected part of Ptolemy's teaching, and stnek to a Greek tradition that bad 
been handed down to them from pre-Ptolemaic times, 

As a matter of fact the conditions that hold are normal enough. The 
Hindu astronomers of the period took jnat what they wa ited from the western 
works that reached them. They were not overwhelmed with the renown of 
Ptolemy and tt is quite possible that many Alexandrian text-books of the fifth 
century neither mentioned him nor his improvemeats (which indeed in Whitney's 
time w-ere rather exaggerated). Undoubtedly Variha Mihira had Greek text¬ 
books at hand and his expoution of his subject seems to indicate that he was 
introducing new ideas, or, at least, ideas and terms that were not common ; and 
certainly aonie of thei>e notions are post-Ptolemaic. The surprise is, not that 
there are points of difference, hut that there is such close correspondence. 

The persistence of old ideas and the neglect of new ones are among the 
comtnonest phenomeiiu pertaining to the history of mtellectaal development. 
Indeed these phenomena hare prevailed (and still prevail) with ' the school-men' 
of almost every country. In India, during the period onder consideration, a 
phase of intellectual assimilation obtained and the preserved records exemplify 
this fashion in no particularly abnormal way. 

rbe WMt of 4 ^;J(iphujidrli* diawFeted bjf MM Hiui Fk«nd dbfivUi in (JASK A807* aU) 

pnowNj lielongt to tli« iliizd AJ>. but ii T>JudM Sto aIuDt. ? m TA# 
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3. Buddhist astronomy. 

According to Yinays ii, 217,^ a monk who lives in the forest ia. to leant 
the poBittoos of the nakahatraS) either the whole or one sectiont and is to 
know the cardinal points.’ At the end of the ordination eervice the procest 
of ’ niesBuring the shadow ’ is performed in order to tielermine the seniority 
of the monkj and be is instructed in the length of the seasons and division 
of the day. • » * * The earth, a flat disc, is 1,203,450 yojanas 

in diameter and 3,610,350 in circumference. In the centre is Mt. Meru, rising 
84,000 yojanas above the surface of the earth, and round it circle the sun, 
moon and stare, fining in turn on the four continents round Mt. Meru. The 
diameter of the moon is 49 yojanas and the cireumference 147; oi the sun 
60 and 150 respectively. The sun is one yojana higher in position than 

the moon.* 


’ aB£, xt SSL 

* ^ J. ThomtM. £KS. xii, 71. 
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